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Abstract
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Fifty-two cchinoderm species are recorded from off Macquarie Island and the Macquarie

Ridge in the Southern Ocean. One new asteroid Odontohenricia anarea sp. nov. and one new
holothurian Truehythyone neUadunu sp. nov. are described. The asteroid genus Calvaslerias is

synonymised with Anasterias. The asteroids Cyeeihra maequuriensis and Asterina hamiltoni

are synonymised with Asterina frigida and placed in the genus Cyeeihra. The asteroid Cera-

master lennoxkingi is synonymised with C. palagonicus. Solasier dianae with S. noiophrynus.

and Anasterias sphoerulatus with A. mawsoni. The asteroids Psilaster charcoti, Odontasler

penicillatus, Ceramaster palagonicus, Crossaster multispinus, Solasier notophrynus,

Pteraster affinis. Henricia studer'u the ophiuroid Ophioplocus incipiens, and the holothurians

Paelopatides ovalis. Synallacles challenged, Laetmogone sp, Taeniogyrus sp are recorded

from the island for the first time. The following species previously recorded from Macquarie

Island have been re-identified: the asteroids Odontasler aucklandensis t=U. penicillatus),

Henricia aucklandiae (=H. studeri), Henricia lukinsi (=H. ohesa), Smilasterias irregularis

C=S. clarkailsa), Anasterias antarctica (=A. directa), and the ophiuroid Ophiacantha pentag-

ons (- O. vilis). The existence at Macquarie Island of the species Hymenaster sp, Goniocidaris

umbraculum and Ocnus calcareus require confirmation. The asteroids Anasterias mawsoni,

Pteraster affinis, Porania antarctica and Odontaster meridionalis are reported from the shore

around Heard Island. The ecology and relationships ofechinodenns from Macquarie Island are

discussed.

Introduction

Macquarie Island (54°29'S, 158°58'E) is in the

Southern Ocean midway between Tasmania and

the Victoria Quadrant of the Antarctic continent.

The island is small (34 km long and to 5.5 km
wide) and, together with small rocky outcrops to

the north and south, lies on the central section of

the Macquarie Ridge which runs south from New
Zealand. This narrow ridge formed of Miocene

basalt forms the southeast boundary of the

Australian and Pacific tectonic plates, and

Macquarie Island is a rare example of uplifted

oceanic crust. (Williamson, 1988; Duncan and

Varne, 1988; Selkirk et al., 1990). Recent

evidence (Adamson et al., 1996) suggests that the

ridge at Macquarie Island began its major phase

of uplift approximately 5 mya and emerged

around 700-600 kya. It has remained emerged for

the six glacial/interglacial cycles since that time

and experienced only periglacial rather than

glacial activity.

The general ecology of Macquarie Island is

determined to a great extent by its geographical

position. The climate is typical of an isolated

midlatitude island, and is characterised by strong

winds, frequent storms and high rainfall (Streten,

1988). The water temperature usually varies from

4-7°C. The Antarctic convergence lies only

40 km to the southeast, and cold water can

occasionally reach the island causing water

temperatures to drop as low as 2.8°C (Williams,

1988). Nevertheless the island is the most south-

ern ice-free shore in the eastern section of the

Southern Ocean.

The first echinoderms from Macquarie Island

to be reported in the scientific literature were
collected by Augustus Hamilton over 2 weeks
in March 1894. Hamilton, a biologist with the

Otago University in New Zealand, travelled on

the ketch Gratitude which was supplying a

penguin oil industry on the island. He collected

".
. . starfish, echinoderms and holothurians ..."

from the eastern shore (Hamilton, 1895). The
holothurians were described as a new species,

Psolus maequuriensis, by Dendy ( 1 896) while he

was Professor of Biology at the University of

New Zealand. Specimens were sent to Europe
where they were examined by Ludvvig ( 1 898) and
Perrier (

1*905 ). Ludwig (1898) transferred the

species to a new genus Pseudopsolus. One
six-armed asteroid was identified as Stiehaster
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Southern Ocean.
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suleri by Benham (1909). but later provisionally

referred to Anasterias mawsoni by Koehler

( 1920). Mortensen (1925) reeorded a specimen

of the New Zealand holothurian Cucumaria
(= Ocnus) brevidentis var. carnleyensis collected

by A. Hamilton but suspected that the locality

label was incorrect, possibly swapped with the

label in an equally aberrant lot of Pseudopsolus

macquariensis supposedly collected by Benham
from Stewart Island, New Zealand.

Harold Hamilton, son of A. Hamilton, spent

several years surveying the biology of Macquarie

Island as part of the Australasian Antarctic

Expedition (AAE) of 1911-1914. Eehino-

derms were collected from various localities

along the coast. From this material, Koehler

(1920) described five new species of asteroid:

Parastichaster (=Anasterias) direct us, P
mawsoni, P. sphoerulatus, Asterina hamiltont

(=Cycetbra frigida) and Cycethra macquariensis

(=Cycelhra frigida), and recorded specimens of

Sporasterias (—Anasterias) antarctica (herein

referred to Anasterias directa). Mortensen ( 1 92 1

)

and Koehler (1926) recorded specimens of the

echinoid Notechinus (-Pseudechimts) novae-

zealandiae. Pawson (1968b) recorded the holo-

thurians: Pseudopsolus macquariensis, Trachy-

ihyone macphersonae, Pseudocnus laevigatas

and an unidentifiable species of Trocliodola

(herein provisionally referred to Taeniogyrus

dunedinensis). No crinoids (A.H. Clark, 1937) or

ophiuroids (Koehler, 1922b) were collected by

the AAEexpedition from Macquarie Island.

The British, Australian and New Zealand

Antarctic Research Expedition (BANZARE)
collected from several stations off Macquarie

Island during 1-5 December 1930. Echinoderms

were collected at station 81, from the shore at

Buckles Bay, and dredged from station 83, off

Lusitania Bay in 69 m. A.M. Clark (1962)

recorded two asteroids from station 81: Anaste-

rias directa, A. sphoerulata; three from station

83: Henricia obesa, Hymcnastersp., Smilaslerias

sp. cf. irregularis (=S. clarkailsa): and another

two previously unrecorded specimens of Ana-
sterios mawsoni and Cycethra macquariensis

collected by the AAE. Madsen (1967) recorded

four ophiuroids from station 83: Ophiacantha

pentagona (herein referred to O. vilis), Amphiura
magellanica, Ophiura meridionalis, and

pliiopyren (=Ophioleuce) regulars . No crinoids

(John. 1939), echinoids (Mortensen, 1950) or

holothurians (M. O'Loughlin, pers. comm.) appear

to have been collected from Macquarie Island.

The Australian National Antarctic Research

Expeditions (ANARE) founded a base on

Macquarie Island in March 1948. A steady stream

of biologists has visited or stayed at the base

and systematically or sporadically collected

specimens from the shoreline. Most collected

predominantly around North Head, from Hassel-

borough to Buckles Bay. One exception was

Wim Vestjens who surveyed many sections of the

shoreline during 1961 1962. Reports based on

this material have concentrated on the coastal

ecology (Law and Burstall, 1956; Kenny and

Haysom. 1962; Bennett. 1971; Simpson, 1976),

biogeography (Edgar, 1987), reproduction (Simp-

son, 1982) and pollution (Smith and Simpson,

1995). Pawson (1962) described a new species

Trachythyone macphersonae from a specimen

collected by Hope Macpherson in 1959, and

Pawson (1968b), reporting on some specimens

collected by Isobel Bennett in 1967, recorded

Pseudocnus laevigatas from the Island for the

first time.

The New Zealand Oceanographic Institute

(NZOI) dredged or trawled 47 benthic stations

from Macquarie Island and the surrounding

ridge between 1959 and 1965. Pawson (1968a)

recorded Psolus antarcticus. Trnchodota dunedi-

nensis and Pseudechinus novaezealandiae from

off Macquarie Island, and Pseudocnus leoni-

noides and Goniociduris umbraculum from the

northern Macquarie Ridge. McKnight (1973b,

1977) described three crinoids from this material,

Ptiiocrinus sp., Metacrinus wyvillii and Comat-
ulides (= Comissia) dawsoni. McKnight (1984)

finally provided an annotated checklist of the

echinoderms from the survey. This included five

crinoids, 14 asteroids, 1 1 ophiuroids, two
echinoids and two holothurians.

The USS Eltanin also trawled several stations

off Macquarie, as part of a large Southern Ocean
research program. This included stations during

cruise 16 (January 1965), cruise 27 (February

1967) and cruise 34 (June 1968). To date only

data on the comatulid crinoids have been pub-

lished: Speel and Dearborn (1983) listed three

species from off Macquarie Island. The cidaroid

echinoids have been the subject of an unpublished

PhD thesis (F.J. Fell, 1976). In addition, some
asteroids, echinoids and holothurians have
been identified in the Smithsonian Institution

(D. Pawson, pers. comm.), a few of which have
been examined for this report.

The Australian Museum sponsored a general

sublittoral survey of the Island during the summer
of 1977-1978 (Lowry et al., 1978). Forty-one

SCUBAdives were conducted at six different

areas to a depth of 20 m. Several intertidal sites

were also surveyed. This material has until now
remained unidentified and unpublished. Another
survey of the benthic and pelagic fauna was
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conducted by ANARF. between 6 and 10 Tasmanian Museum and Art Gallery, Hobart

December 1986 (Williams, 1988). Fish were the (TM); National Institute ot Water and Atmos-

nredominant target but many cchinodcrms were pheric Research (formerly New Zealand

collected in the process. A new species of aste- Occanographic Institute), Wellington (NIWA);

roid Smilasterias clarkailsa, was described from the Natural History Museum, London (BMNH);

this material (O'Loughlin and O'Hara, 1990). National Museum of Natural History,

Finally material was gathered from shallow Smithsonian Institution, Washington (USNM);

water (0 -3 m) by the author on a short visit to the Zoologisk Museum, University of Copenhagen

island in November 1989. (ZMUC).

Examination of material from these surveys Material examined. The bulk of material exam-

indicated that the echinodcrm fauna of Macquarie
j ncd for mis re p ort was collected from Macquarie

Island was imperfectly known. There are now 52
[ s ] an( j by the 1986 ANARE Macquarie Island

species recorded from Macquarie Island and the biological trawl program (lodged in the NMV),
surrounding ridge, up from 44 known before this

t b e 1977-1978 Australian Museum Macquarie

report. Two species are new and 1 1 species arc island Expedition (AM) and various shore collec-

recorded from the island for the first time. In addi-
t j ons (NMV, AM, TM). The stations and material

tion, a revision of published material indicated from the 1986 ANAREcruise is listed in Table 1.

that there are nine species that have either been The station list (MA stations) for the 1977-1978

erroneously identified or whose presence at AMexpedition (Lowryet al., 1978) is too large to

Macquarie Island must be placed in doubt. The reproduce here and the material has been included

biogeography of Macquarie Island echinoderms
j n Table 2. Historical material examined includes

has been discussed by O'Hara (1998a). specimens from the AAE (AM, BMNH), BAN-
The following abbreviations are used. ZARE (SAM, BMNH), NZOI (NIWA) and

Morphology: d.d. - disc diameter (ophiuroids); Eltanin (USNM) expeditions. This material was

dia - diameter; 1/w - length over width; R - radius compared with numerous species from surround-

f'rom centre of disc to arm tip (asteroids); ing regions including Australia (AM, NMV),

r- radius from center to margin of disc (asteroids), New "Zealand (ZMUC, AM), Kerguelen

ht- height; br- breadth (all measurements include (BMNH), Marion Island (AM), Heard Island

skin covering unless stated). (BMNH, NMV), South America (BMNH,

Institutions: Museum Victoria, Melbourne ZMUC) and Antarctica (BMNH, AM, SAM,

(NMV); Australian Museum, Sydney (AM); NMV). Comparative material is listed separately

South Australian Museum, Adelaide (SAM); under each species below.

Phylum Echinodermata

Class Crinoidea

Key to Macquarie Island Crinoidea

1. Stem present 2

Stem absent 3

2. Stem without cirri, stem terminates in a basal disk Ptilocrinus sp.^

Stem bearing cirri at regular intervals Metacrinus wyvilliP

3. Usually more than ten arms 4

Ten arms only 5

4. Oral pinnules flexible, usually with more than 30 segments. Arms rounded

or square with smooth sides at the arm base, 1 1-20 arms. Cirri stout, with

fewer than 25 segments Glyptometra inaequalis c

Oral pinnule prismatic, oral pinnules with less than 15 segments. Anns

laterally compressed, with spinous median keel near the base of the ami,

10-13 amis. Cirri long and slender, with more than 25 segments

Daidalometra arachnoides A

5. Auxiliaries and second brachials with prominent proximal lobes, which

incise the neighbouring ossicles Florometra austini

— Auxiliaries and second brachials proximally truncate 6

6. Oral pinnules with short segments, as long as wide, toothed distal segments

forming a rudimentary comb Comissia dawsonf
— Oral pinnules with long and slender segments, to three times as long as wide

Antedonid sp.
f
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Notes on kev:

'' McKnight (1973b: 204; 1984: 141) recorded ossicles of a stalked crinoid, possiblj of the

genus Ptilocrimts, from the southern Macquaric Ridge (NZOI stn 1)5, 56"40.6'S, I58°45.5'E,

12X0 m). McKnight noted lhal it was probably related to P. antarcticus Bather, a deep-water

Southern Ocean species.
h McKnight (1973b: 202; 1984: 141) recorded a single fragmented specimen of M. wyvillii

Carpenter, 1884 from the Northern Macquaric Ridge (NZOI stn DI59. 49"0I'S. I64"30L.

741 m). This species otherwise been found in deep-water Pacific localities.
L' McKnight (1984: 141 ) and Speel and Dearborn (1983: 24-25) recorded G. inaequalis (Car-

penter, 1888) from off Macquaric Island and off the northern Macquaric Kidge (682 1693 m).

This species otherwise occurs throughout the Southern and South Pacific Oceans.
d Speel and Dearborn (1983: 22-24) recorded a single specimen of D. arachnoides (A. II.

Clark, 1909) to the northeast of Macquaric Island in 1647 1665 m. This species has been

otherwise recorded from the tropical western Pacific Ocean (22 118 m) and near Auckland

Island south of NewZealand (952-1336 m).

• McKnight (1977: 99-100, fig. 7 9; 1984: 141) recorded 15 specimens of C. dawsoni

(McKnight, 1977) from the northern Macquaric Ridge (NZOI stn D18, 52°31 'S, 16031'E.

128 m). This species was originally described as Comatulides dawsoni but transferred to

Comissia by Hoggctt and Rowe ( 1986: 121). This comastcrid is unusual in having a central

mouth and 10 arms. It has otherwise been found from three localities on the Campbell Plateau,

south of New Zealand (128-1280 m).
f Speel and Dearborn (1983: 52) recorded four specimens of "Unidentified Antedonid species

B" from two Eltanin stations off Macquarie and Auckland Islands (750 996 m). They note that

A.M. Clark, who examined the specimens, was uncertain of their affinities within the family

Antcdonidac.

Table 1. Echinoderms from ANAREMacquaric Island benthic trawl stations, December 1986

BT1, off Lusitania Bay, 54°44.()'S, 158°51.4'E, 3541 m, 6 Dec 1986

No echinoderms.

BT2, off Lusitania Bay, 54°43.5'S, 158°53.1'E, 100-105 m, 6 Dec 1986

Odonlaster penicillatus, Porania antarctica, Henricia studeri, Henricia ohesa, Sntilasterias

clarkailsa, Amphiura magellanica, Pseudechinus novaezealandiae, Psoitis neozelanicus, PseudocmtS

laevigatas, Trachythyone macphersonae

BT3, off Nuggets Point, 54°33.4'S, 158°56.9'E, 108-135 m, 8 Dec 1986

Florometra austini, Odontaster penicillatus, Ceramaster patagonicus, Henricia studeri, Henricia

obesa, Smilasterias clarkailsa, Ophiacantha vilis, Amphiura magellanica, Ophiura meridionalis,

Pseudechinus novaezealandiae, Psoitis neozelanicus, Trachythyone nelladana sp. nov., Psettdocnus

laevigatas, Trachythyone macphersonae

BT4, off Lusitania Bay, 54°45.0'S, 158°52.3'E, 65-90 m, 9 Dec 1986

Odontaster penicillatus, Porania antarctica, Henricia studeri, Henricia obesa, Amphiura magellan-

ica, Ophioleuce regulare, Pseudechinus novaezealandiae, Psettdocnus laevigatas, Trachythyone

macphersonae, Taeniogyrus dunedinensis

BT5, off Lusitania Bay, 54°44.2'S, 158°52.3'E, 57-70 m, 9 Dec 1986

Henricia studeri, Henricia obesa, Amphiura magellanica, Pseudocnus laevigatas

BT6, off Lusitania Bay, 54°43.4'S, 158°52.1'E, 25-29 m, 9 Dec 1986

Psilaster charcoti, Ophioplocus incipiens, Pseudechinus novaezealandiae

BT7, off Eagle Point, 54°31.4'S, 158°50.8'E, 150-200 m, 10 Dec 1986

Amphiura magellanica

BT8, off Handspike Point, 54°29.7'S 158°51.2'E, 330-450 m, 10 Dec 1986

Henricia studeri, Solaster notophrynus., Crossaster multispinus, Amphiura magellanica, Ophiura

(Oph ittroglypha) irrorata

BT10, off Judge and Clerk Rocks, 54°23.6'S, 158°59.3'E, 100 m, 10 Dec 1986

Odontaster penicillatus., Henricia studeri, Henricia obesa, Odontohenricia anarea sp. nov.,

Ophiacantha vilis, Pseudechinus novaezealandiae



172 T. D. O'HARA

o
r]

g

a
3
O

T3
O
a

o
H

Jo
•c

H

Smilasterias

clarkailsa

Taeniogyrus

dunedinensis 5
-S

to

=
a

o

•S

1

CO

Porania

antarctica

Henricia

obesa

Pteraster

ajjinis

Smilasterias

clarkailsa

Pseudocnus laevigatus X X X X X X y. X X X X

Trachythyone

macphersonae X X X X X X X X X x X

Pseudopsolus

macquariensis X X X X y. X X X

Ophiacantha
vilis X X X X X

Pseudechinus novaezealandiae X X X X X X X X X

Cycethra

frigida X X X X X X X X X

Co

S '5

C\J Co

^o £
s S

X X X X X X X X X X X X X X X

co

2 a

"3

X X X X X X X X X X X X X X X X X X X

T3

CD

a
c

z

-a

CD

X
cd

o o
a ^

-a

C D3
03 «
5 2H a

a
ccj

CD

ea

O

_3
"o

CU

>->
cS

o
o

pi

E
CD

H
Garden

Cove

and

Hayter

Rock

>->
ccj

CQ

JU
-^
o
3

CQ

s
'o
Oh

z

>>
eg

CQ

>>

c
a

LTj

CD
5/J

O
a
a
CD
CD
!-

a

S3

a
'3

2
3

'o

S

CD
>
o
a

CD

"o
t-ri

c
'o

CC3

5
3
<

e&

cs
Ih
(D
=3
cd

CQ

1.1
X Ph

Hasselborough

Bay

CD
>
o
o

CD

<

u
o

at

o
.G

c_»

c
<



SYSTEMATICSANDBIOLOGYOF MACQUARIEISLAND ECHINODHRMS 173

Order C omatulida

Antedonidae

Florometra austini A.M. Clark

Plate 3 k

Florometra sp. -A.M. Clark, 1966: 704.

Florometra austini A.M. Clark in A.H. Clark and

A.M. Clark, 1967: 324. fig. 16. —Spedand Dearborn,

1983: 29, fig. 3, tbl. 6.- McKnight, 1984: 141.

Material examined. ANARE 1986 Expedition, BT3.

NMVF60300(1).

Description of material. Centrodorsal hemispher-

ical, 1.8 mmdia, 1.0 mmhigh; approximately 70

cirri (mostly broken), cirrus sockets in alternating

rows, remaining cirri with 13-16 segments,

proximal 2 segments wider than long, middle

segments 2.5 times longer than wide, slightly

waisted, distal rim slightly everted, distal seg-

ments just longer than wide, terminal claw and

opposing spine well developed. 10 arms, all

broken; 5 radials, IBr, very short, auxiliaries cru-

ciform, proximal lobe (synarthial tubercle) over-

lying IBr,, second brachial also with proximal

synarthial tubercle that overlies Br,, succeeding

brachials wedge shaped, with slightly everted

distal edges. First syzygy at 3+4, second at 9+10,

length between IBr, to second syzygy 4 mm. P,

and P. very long, to 6 mm, approx 25 segments,

proximal segments longer than wide, distal

segments small, as long as wide, with low dorsal

tubercles, pinnule appearing comb-like. Pi, OB

first genital pinnule, with 12 segments, 2 proxi-

mal segments small, as long as wide, next 7 seg-

ments enlarged and widened. 2-3 times as long as

wide, bearing the gonad, distal segments slender,

with spinous distal edges. Similar genital pinnules

present until P
7

. Disc naked, mouth central, anal

cone eccentric, high and slender.

Colour. Macquarie specimen (in alcohol) with

white arms and centrodorsal. brown disc and

gonads.

Habitat. A.M. Clark (1966) records this species

from a bryozoa/sponge substrate.

Distribution. Cook Strait, NewZealand (192-550

m); off Campbell and Antipodes Islands (58-210

m); Macquarie Island and the Macquarie Ridge

(108-135 m).

Remarks. The cirri and pinnules P, and P
a

on this

specimen have far fewer segments than was

reported for the type series. Possibly this can

be attributed to the larger size of the types

(centrodorsal = 4.0-5.5 mmdia). In this species

P., is usually similar to P,. long and flagellate

with many segments. P
3

is usually the first

genital pinnule, however. P2
or P4

can occasion-

ally be the first to bear a gonad. This species was

previously known from Macquarie Island only

from fragments.

Class Asteroidea

Key to Macquarie Island Asteroidea

(modified from A.M. Clark, 1962)

in each arm furrow Pedicellariae rare (except

2
1. 2 series of tube feet

Ceramaster)

4 series of tube feet in each arm furrow. Straight and crossed pedicellariae

common ;
}*

2. Marginal arm plates large and conspicuous, forming a continuous rim

around the disc and arms • ;••
3

Marginal aim plates small, usually inconspicuous, often similar to abactinal

plates "

3. Tube feet pointed, lacking suckers Psilaster charcoti

Tube feet with sucking disks 4

4. Stellate form, arms long and pointed Pseudar chaster sp.
a

— Subpentagonal form • 5

5. Large conspicuous recurved oral spine at the apex of each jaw
Odonaster pencillatus

Several blunt tipped oral spines around the jaw margin. Pedicellariae present

with large flat valves Ceramaster patagonicus

6. Disc covered in a thick skin and low sparse tubules. 5 short arms. Ventral

disc surface without spines, covered in radial striations ... Porania antarctica

Not as above ?
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7. Abactinal plates with a median pillar (pedicel) which bears crown of

spinelets (paxillae) 8

Abactinal plates flat or slightly convex, bearing spines or granules. No
paxillae 12

8. Abactinal surface roofed over by a membrane supported by elongate

paxillar spines forming a chamber. 5 arms, with a conspicuous webbed
actinolateral fringe of spines 9

Abactinal paxillae free of a membrane covered chamber. 7-1 1 arms 1

1

9. Adambulacral spines not webbed Hymenaster sp.
b

Adambulacral spines webbed 10

10. Oral spines not webbed Pteraster stellifer
b

Oral spines webbed Pteraster affinis

1 1. Abactinal paxillae with short spines and arranged in regular oblique rows.

7 arms So/aster notophrynus
Abactinal paxillae with long penicillate spines and arranged in an irregular

reticulum. 9-1 1 arms Crossaster multispinus
12. Subpentagonal form. 5 short triangular arms. Dorsal side convex, ventral

side flat Cycethra frigida
Disk small, 5 long slender subcylindrical arms. 1-2 sabre-shaped
adambulacral spines deep in arm furrow 13

13. Large recurved oral spine at each jaw tip Odontohenricia anarea sp. nov
Several small oral spines around the jaw margin 14

14. Abactinal spinelets small and numerous, up to 30 per plate

Henricia studeri

Abactinal spinelets stout and spaced, up to 6 per plate Henricia obesa
15. 2 or more spines on each adambulacral plate 16

1 spine on each adambulacral plate 17
16. 1 longitudinal dorsolateral series of spines Sclerasterias mollis

Numerous dorsolateral spinelets Smilasterias clarkailsa
17. 5 arms Anasterias directa

6 arms Anasterias mawsoni

Notes on key:

'-' McKnight (1984: 141) recorded a juvenile specimen of a Pseudarchaster species from off
Macquarie Island (NZOI stn C734, 53°55'S, 158°55'E, 360 m). McKnight noted its close
similarity to P. abemethyi H.B. Fell, 1958 from New Zealand. Another species P. discus
Sladen, 1889 occurs off South America and Marion Island.
b A.M. Clark (1962: 67) recorded a juvenile Hymenaster specimen from BANZAREstation

69 off Lusitania Bay, and McKnight (1984: 143) recorded a specimen of Pteraster stellifer

Sladen, 1889 from Macquarie Island (NZOI stn C734, 53°55'S, 158°55'E, 360 m). Both these
specimens are discussed under Pteraster affinis.
e McKnight (1984: 143) recorded two specimens of S. mollis (Hutton, 1872) from the north-
ern Macquarie Ridge (NZOI stn D20, 49°39.8'S, 164°02.2'E, 126 m). 5" mollis is otherwise
known from the South Island of NewZealand and the Chatham Islands, 22-697 m.

Order Paxillosida Material examined. Macquarie Island, ANARE 1986
Expedition, BT6, NMV F60274(l); Antarctica

Astropectinidae 65° 42'S, 92° 10'E, 110 m, 21 Jan 1914, AAE stn.7,

tn .
, ,

identified by Koehler (1920), AM(1); MacRobertson
Psilaster charcoti (Koehler) Land, 66° 45'S, 62° 03'E, 219 m, BANZAREstn 107

K1400(2).
Plate la

Comparative material examined. Psilaster acuminatus
Ripaster charcoti Koehler, 1906: 4-6, pi. Ill figs 20. Sladen, 1889: Australia, eastern Bass Strait, 38° 23'S

21,31, 32.—Koehler, 1920: 258-259, pi. LI fig. 5, pi. 148° 46 'E, 448-460 m, 5 May 1984 NMVF8?984( 1)'

LII fig. ], p|. LXXII fig. 1.

Psilaster charcoti.— -Fisher, 1940: 93-94. —A.M. Description of Macquarie Island material. R = 50
Clark, 1962: 13.— H.E.S. Clark, 1963: 30-31, text-fig. mm, r = 1 1 mm; 5 arms, flattened, tapered evenly
4, pi. 3 figs 7-8. —A.M. Clark, 1989: 290. to narrow point, 2 anus bent back over disc. Disc
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Plate 1. a, Psilaster charcoti, dorsal view (lower arm slightly damaged on margin), NMVF60724; b, Odon-
taster penicillatus, dorsal view, NMVF60276; c, Cycethra frigida, dorsal view (disc slightly damaged on
upper right), NMVF76227; d, Ceramaster patagonicus, dorsal view, NMVF76237; e, Porania antarctica,

dorsal view, NMVF60278; f, Crossaster multispinus, dorsal view, NMVF60291; g, Solaster notophymis,
dorsal view (skin removed from arm on left), NMVF60290; h, Solaster notophrynus, oral view NMV
F60290.
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with central epiproctal cone and exposed

madreporitc. Abactinal plates in close uniform

reticulum, lobed, with narrow bars connecting up

to 6 neighbouring plates. Plates paxillate with

high narrow pedicel, widened at tip, bearing 4-9

short spinelets. Papular areas small, each with 1

papula. Marginals prominent, lateral in position,

up to 50 along arm, protrudent with fascioles

between plates, superomarginals slightly smaller

than inferomarginals, plates covered by numerous

small thin spinelets, some capitate, some serrate,

with transverse row of large Battened pointed

spines in centre of plate, up to 4 on supero-

marginals extending to next plate, up to 4 larger

spines on inferomarginals, extending in length

over 2 plates, to 3.0 mmlong. Up to 5 series of

aetinals on interradial area of disc, only 1 persists

beyond fifth marginal plate, to at least three-

quarters R, plates small, convex, more numerous

than adambulacrals, paxillate with 3 10 small

conical subequal spinelets. often convergent.

Adambulacrals with 3 4 long angular pointed

furrow spines, central spine longest, to 2.0 mm,
up to 6 clustered subambulacral spines, proximal

pair of plates laterally compressed with no furrow

spines. Oral plates elongated, tumid, projecting

into mouth, with 2 rows of spines on either side of

the plate, furrow row with 10-12 thick blunt

spines, innermost 1-2 enlarged, up to 6 suboral

spines. Furrow narrow, 2 series of pointed tube

feet without suckers. Ventral surface covered in

gelatinous material that obscures spines.

Reproduction. This species develops lecitho-

trophic swimming non-feeding larvae; egg size

varies from 0.77 mm(Arthur Harbour. Scotia

Arc) to 0.95 mmdia (McMurdo Sound) (Pearse

and Bosch, 1994).

Colour. Macquarie Island specimens (in alcohol)

light tan. Falkland Island specimens coloured

pink dorsally, sometimes purple in the disc centre

and yellow ventrally (Fisher, 1940). Antarctic

specimens reddish brown or brown yellow

(Koehler, 1912).

Habitat. Usually mud, sometimes with pebbles,

rock (Fisher, 1940) or sponge/bryozoa (H.E.S.

Clark, 1963).

Distribution. Circumpolar Antarctic. South

Georgia, Bouvet Island (30-3248 m); Macquarie

Island (25 29 m).

Remarks. The Macquarie specimen closely

matches the descriptions and figures of Koehler

(1906, 1920) and H.E.S Clark (1963). I have

compared it to Antarctic specimens identified by

Koehler ( 1 920) and A.M. Clark ( 1 962). These are

similar although larger specimens (R > 90 mm)
differ in having more numerous spines, 8 12

abactinal spinelets, 5 superomarginal spines, 5

inferomarginal spines, and subequal oral spines.

H.E.S. Clark (1963) recorded paxillate pedicellar-

iae on her Ross Sea specimens. These are absent

from the current specimens.

A similar species, P. acuminatus Sladen, 1889.

is known from off Australia, New Zealand and

South Africa. An Australian specimen in Museum
Victoria was examined for comparison. It differs

in having larger marginal plates, fewer spines on

the inferomarginals, rare or absent supero-

marginal spines, and larger abactinal paxillae.

Proserpinaster neozelanicus (Mortensen, 1925),

another superficially similar species from New
Zealand, differs in having larger marginal plates

which extend onto the dorsal surface, 2 rows of

larger spines on inferomarginal plates and 2 series

of actinal plates persisting along the arm length.

Bathybiaster loripes Sladen, 1 889, a wide ranging

Southern Ocean astropectinid, has smaller

enlarged spines on the marginal plates and a mix-

ture of large and small spinelets on the abactinal

paxillae.

P. charcoti is a new record for Macquarie

Island. It is has previously been recorded only in

Antarctic waters.

Order Valvatida

Odontasteridae

Odontaster penicillatus (Philippi

)

Plate lb

Goniodiscus penicillatus Philippi, 1870: 268.

Odontaster penicillatus. —Fisher. 1940: 105-109.

—

A.M. Clark and Downey. 1992: 156-157, figs 24i-j,

26n-p. pi. 37b [full synonymy].— A.M. Clark, 1993:

197.

Odontaster aucklandensis. —McKnight. 1984: 141

fnon O. aucklandensis McKnight. 1973c].

Material examined. Macquarie Island, off Buckles Bay,

372 m, Feb 1967, NMVF60275(l). ANARE 1986

Expedition, BT2, NMV F60277(l); BT3, NMV
F6()276(2); BT4. NMV F76225(2); BTK). NMV
F60313U).

Falkland Islands, Discovery stns WS73, WS93, WS824,
WS848, 115-130 m, identified by Fisher (1940).

BMNH1948.3.16.237,264,274,277.

Argentina, Buenos Aires, 38°25'S, 56°30'W, identified

Bemasconi, BMNH, 1 960.9. 1 . 1 ( 1 ).

Comparative specimens examined. O. meridionalis

(Smith. 1876): Heard Island. Camp Beach, washed up
after storm, NMVF76234(8); Counthian Beach. 7 Jun
1951, NMVF76235(4): S.W Beach, 1 Aug 1951, NMV
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F76236(6); (). penicillatus grayl (Bell, I SKI): Punta

Arenas, Sandy Point, IIMS Alert, [7—19 in, BMNH
(bolotype), Odontaster benhami Mortensen, 1925: New
Zealand, Oamaru, 37 55 m. I960, AM17067(4).

Description ofMacquarie Island material. R = 16

to 50 mm, r to 28 mm. Disc flat, subpentagonal

with slightly concave margins. Abactinal disc-

plates tabulate, with 4 IS spinelets, peripheral

spinclets slightly more pronounced. Spinelets on
largest specimen granule-like, truncate, as wide as

high, some with angular edges; spinelets on

smaller specimens terminating in small glassy

thorns. Up to 25 plates between margin and disc

centre. Papulae present between tabulae on disc

and radial areas. Large tumid marginal plates

fringe body margin, 35 plates from ami tip to arm
tip on largest specimen, 18 19 when R - 23 mm,
with up to 300 spinelets per plate, similar in form

to abactinal spinelets, slightly longer on infero-

marginal plates. Actinal plates convex, to 10

rows, with 5-12 spinelets; spinelets near mouth
long, bluntly pointed, 3-4 times as high as wide.

up to 1.1 mmhigh, orientated distally; marginal

spinelets shorter, more granular and less numer-
ous. No actinal papulae. Adambulacral plates

with 6-12 spines in 2 transverse rows, 2 3 spines

nearest furrow longest, up to 1.6 mm, cylindrical

or slightly flattened, blunt tips, spines decreasing

in length away from furrow. I (rarely 2) large

recurved oral spines at the jaw tip, orientated dis-

tally, with pointed glassy tip, on largest specimen

4 mmlong, with slightly keeled ventral midline,

up to 2 mmlong when R = 23 mm. 2 series of

suckered tube feet. No pedicellariac.

Colour. Macquarie Island specimens (in alcohol)

light tan. Live Atlantic specimens greyish,

orange, yellow or brown (A.M. Clark and
Downey. 1992).

Habitat. Sand, coarse shell and pebbles, mud
(A.M. Clark and Downey. 1992); rock (Branch et

al., 1993).

Distribution. Southern South America, Falkland

Islands, Burwood Bank (8 350 m); Marion Island

(527 m); Macquarie Island (55 372 m).

Remarks. As noted in the description, the largest

Macquarie Island specimen differs from the

smaller specimens in the form of the abactinal

spinelets. There is a similar range of variation in

the abactinal spinelets on specimens of O. peni-

cillatus I have examined from South America.

The number of spinelets can reach 50 per paxillae

(BMNH. 1948.3.16.277) and the shape can vary

from squat, capitate with a thorny apex to long,

tapering and serrated. Specimens of O. meridion-

alis (Smith. 1876) from Heard Island also vary in

the form of the abactinal spinelets. with only

some having glassy lips. Conversely, the presence

of pointed glassy tips on the abactinal spine-

lets has been used to distinguish the New
Zealand species (). benhami Mortensen, 1925

from the subanlarctic New Zealand species

O. aucklandensis McKnight. 1973c.

The Macquarie specimens are provisionally

referred to the polymorphic species (). penicilla-

tus. This species varies from stellate in form with

numerous small marginal plates to subpentagonal

with fewer larger marginal plates (Fisher. 1940;

A.M. Clark and Downey. 1992). Subpentagonal

forms from the Magellanic region have been

named (). penicillatus grayi (Bell. 1881). This

subspecies differs from the Macquarie specimens

in possessing pedicellariac (Mortensen. 1925).

McKnight (1984) referred his Macquarie Island

material to (). aucklandensis but the present

specimens (from Macquarie Island and South

America) lack the distinctive glassy granules that

occur on the abactinal tabulae of the NewZealand

species O. aucklandensis and O. benhami.

Gancriidae

Cycethra frigida (Koehler) comb. nov.

Plate 1 c, Figure 2

Aslerina frigida Koehler. 1917: 46 48, pi. 6 tigs

9 11. pi. 7 fig. 8.— Madsen, 1955: 13. A.M. Clark.

1962: 33.—Guille, 1974: 34. Cherbonnier and Guille,

1975: 615. A.M. Clark, 1993: 209.

Asterina Hamilton! Koehler, 1920: 133-136, pi. 35

figs 5-7, 10, pi. 36 figs 1 3, pi. 66 fig. 5.—A.M. Clark,

1962: 24. Bennett, 1971, pi. 56 fig. 4. Rowe and
Pawson, 1977: 343. A.M. Clark, 1993: 210.

O'Hara, 1998a: 146. [new synonymy]

Cycethra macquariens is Koehler, 1920: 139 142, pi.

34 tigs I -4, 6, 7, pi. 66 figs 5a, b. A.M. Clark, 1962:

24-25. Rowe and Pawson, 1977: 345. Simpson.
1982:45.— McKnight, 1984: 142. -A.M. Clark, 1993:

200. [new synonymy]

Material examined. Macquarie Island, no date, AM
J3520(holotype of A. hamiltoni): 10 Oct 1913. AM
J3605(holotype of C. macaiiariensis); AAE expedition,

BMNH. 1965.8.5.271 1 ); Secluded Beach, 27 Nov 1989,
NMVF76232(2); NMVF76233(3); Garden Cove, 21

Aug 1952, NMV F75925(l); 31 Mar. 1962, NMV
F45 113(3); 12 Aug 1962, NMVF45I120); no date,

NMV F450()S(1); 25 Nov 1989, 0.5 Im. NMV
F76229( 1 ); NMVF76230(2); NMVF7623 1(3); 26 Nov
1989, NMV F76227(5); Aerial Cove, 26 Jan 1950.

NMVF75924( I ); 28 Nov 1989, NMVF76228(3). AM
1977 1978 Expedition, Gorilla Head Rock (9-12 m),
MA-142(2), MA-145(I), MA-149(3); Tottan Head,
Goat Bay (9 14 m), MA-39(I), MA-4I(2). MA-42(1),
MA-37K5). MA-374(8). MA-376(3); Garden Cove
(6-14 m), MA-87(1). MA-920), MA-124(3).
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Supero-
marginals

Inferomarginals

1 mm

Figure 2. Cycethra frlgida, NMV F76231,

schcm;ilic diagram of an arm cross section showing

the position of the skeletal plates and the absence of

internal struts.

MA-I25(2), MA-127(3), MA-I2X<3), MA-350( I ),

MA-379(8); Green Gorge (14 [$ ml MA-245(4),

MA-25K2); Caroline Cove (8 13 m), MA-300(i),

MA-306(3); Handspike Point (inlcrtidal), MA-I36(4);
Aerial Cove (3-6 in), MA-47(3), MA-85(3), MA-98( I ),

MA-IOO(I). MA-H)7(I3). MA-1Q8(8), MA-I09(7),
MA-II0(2). MA-382(8), MA-386(6), MA-387( I ),

MA-388(4), MA-389(2); Anchor Rock (20 m),

MA-89{2).

Kerguelen, NW end of Long Island. BANZARE
sin 56A, identified by A.M. Clark (1962), BMNII,
1965.8.5.48(2); Jeanne d'Are, 20 m. BANZAREstn 5,

SAM K 1420(1); BANZARKcollection 784, littoral,

SAM K 1421(3); Cia/elle Basin. 25 28 Dec 1X98,

Vuldivia stn 160, identified bv Madsen (1955),

ZMUC(I).

Description of Macquarie Island material. R to

20 mm, r to 9 mm, disc higher than arms, ventral,

dorsal surfaces mostly flat, often small sunken

areas on dorsal interradius; 5 arms (1 specimen
with 4 arms, NMVF76233), short but distinct,

dorsally convex, ventrally flattened , wide at base,

tapering blunt, rounded tip. Madrcporite halfway

to interradial margin; anus sometimes visible

centrally; 2 gonopores sometimes visible on mid-
actinal area. Abactinal plates cruciform, stellar,

triangular or irregularly-shaped, with low convex
'Y'-shaped or broadly-eresenlic thickened region

bearing spinelets, rest of plate flat, thin, imbricat-

ing with 3 5 neighbouring plates; some small

round secondary plates in papular areas. Plates

irregularly arranged. Papular areas small, no
larger than plate with 1, rarely 2, papulae.

Abactinal spinelets in round or oval cluster, 4-36,

usually 10 20 per plate. Spinelets short, blunt,

terminally spiniferous, l/w = 2-2.5 (up to 3 when
cleaned of skin, with constricted waist in middle).

Spinelet clusters obscuring underlying network of

plates.

Supcromarginal plates larger than abaetinals,

lateral or ventral position on disc, lateral on amis.

convex, 35 plates from arm tip to arm tip on R =

17 mm, proximal plates oval, 2 2.5 times as high

as wide, orientated transversely, plates placed

obliquely near arm base and on arm, plates on arm

1 1.5 times as high as wide. Inferomarginals

oval, convex, 1 1 .5 times as high as wide, slightly

oblique on arms. Marginal spinelets as abaetinals,

2 transverse rows on proximal plates with up to 7

spinelets in each row, 3 rows or cluster on distal

plates. Actinals block-like, rectangular, in an

imbricating lattice, up to 10 plates from margin to

jaw; distal plates shorter; forming longitudinal

rows near the furrow, distal plates irregular or in

irregular transverse rows; 2 of the longitudinal

rows persist onto the arms, one to tip. No actinal

papulae. Actinal spinelets longer than abaetinals,

1 5, usually 2 3 per plate, cylindrical, thickened,

blunt tip or tapered, 2-3 times as high as wide (4

times as high as wide when skin covering bases is

removed), up to 0.4 mmhigh.

Adambulacral plates rectangular, sometimes
constricted in middle, well separated from each

other. Adambulacral spines longer than actinals,

to 0.N mmlong, club-shaped, 4 times as high as

wide; 3—4, per plate, positioned irregularly on

plate, only sometimes in transverse row, usually

only I on furrow margin; subequal or furrow

spine larger. Furrow spinelets near jaw sometimes
enlarged. No superambulacral plates, no internal

extensions of abactinal or actinal plates; proximal

interradial calcified pillar supports abactinal body
wall. 3 oral spines on oral margin of plate, larger

than adambulacral spines, 1 3 suboral spines. 2

series of suckered tube feet.

Reproduction . Separate sexes, egg size in gonad
variable, to 0.8 mmdia, appears to breed through-

out the year; possibly lays egg cases (Simpson,
1982).

Colour. Macquarie Island specimens (live)

usually pale olive green on the dorsal surface

(including superomarginals), sometimes light

grey, purple or brown, arm tips paler; ventral

surface (including inferomarginals) light tan, very
light orange or cream; tube feet darker tan or
orange; preserved material is tan with darker
lube feet. Kerguelen specimens are light brown
(Cherbonnierand Guille, 1975).

Habitat. In the immediate sublittoral (0.5-2 m) it

is found on rock boulders or gutters underneath
the kelp (Dtirvillaea) zone. In the sublittoral (to

20 m) found mostly on rocky substrates in associ-

ation with sponges, hydroids and red algae, or
amongst Maerocystis beds. McKnight (1984) has
reported a dredged specimen from 95 m.
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Distribution. Kerguelen (0-20 m). Macquarie
Island (0-95 m).

Remarks. Examination of a range of specimens
indicates that Cycethra macquariensis and
Asterina hamiltoni are synonyms of Aslerina

frigida. Koehler (1920) did not compare his

three species. Both Macquarie Island species
were based on single specimens. The main
differences in the descriptions are the relative

size (smaller in C. frigida). density of the

abactinal skeleton, the length of the abactinal

spinelets and the number of actinal spinelets

per plate (A.M. Clark, 1962). However, the

minor variations in the numbers of actinal

spinelets, abactinal spinelets and papulae, the

density of the skeleton, and the colour do
not form any recognisable pattern in the

current range of specimens. Moreover, the

skeleton is flexible and consequently preserved
specimens can look superficially different

depending on whether the arms are flexed
slightly downward (dorsal skeleton appearing
open, actinal spinelets spread out) or upward
(dorsal skeleton appearing robust, actinal

spinelets densely clustered). The thickness of skin
around and on the spinelets can influence the

shape and height/width ratio of the spinelets.

Finally Cherbonnier and Guille (1975) have
reported specimens from Kerguelen up to R = 22
mm, similar in size to material from Macquarie
Island.

This species belongs in the Ganeriidae as

defined by A.M. Clark (1983), having a rounded
ventrolateral arm surface, small block-like

marginals, lacking internal arm structures (fig. 2)
and in lacking pedicellariae. A.M. Clark (1983)
suggested that Cycethra should be monotypic
given the extreme polymorphism of the type
species C. verrucosa (Philippi, 1857). However, I

can find no reliable character that would distin-

guish the two species at a generic level. On the

other hand C. frigida is clearly distinguished from
the related genera Ganeria and Perknaster by the

presence in C. frigida of clusters of small
spinelets on the abactinal, marginal and actinal

plates. Specimens of C. verrucosa can vary from
having abactinal plates with paxillae to low
cresentic mounds (metapaxilliform) and marginal
plates from small and inconspicuous to block-like

and distinctive (A.M. Clark, 1983). C. frigida is

similar to specimens of C. verrucosa with meta-
paxilliform abactinals and block-like marginals.

C. verrucosa can be distinguished from C. frigida

by the greater number (to 8) of adambulacral
spinelets.

Goniasteridae

Ceramaster pataganicus Sladen

Plate Id

Ceramaster pataganicus Sladen, 1889: 269. pi. 46
figs 3. 4, pi. 49 figs 3, 4.— Rowe and Gates. 1995:

65.—A.M. Clark, 1993: 249.— Branch et al„ 1993: 44.

Ceramaster grenadensis pataganicus. A.M. Clark
and Downey, 1992: 236-237. figs 39e. f, pi. 55e-f.

Ceramaster lennaxkingi Mcknight. 1973a: 178-180.
fig. 4.— McKnight, 1984: 142. [new synonymy]

Material examined. Macquarie Island, ANARE 1986
Expedition. BT3, NMVF76237( 1 ).

Description of Macquarie Island material. R = 75
mm, r= 58 mm. Body flat, pentagonal: inlerradial

margins slightly concave; arm tips slightly

upturned. Abactinal plates tabulate, large and
hexagonal in centre of disc, smaller and quadran-
gular interradially: plates with approximately 12

marginal and 12-15 central granules (rarely to 24
marginal and 24 central spinelets), granules squat
and polygonal. 2-jawed spatulate pedicellariae on
some abactinal, marginal and actinal plates, larger

than granules, usually widely open. Marginals
conspicuous, 28 from arm tip to tip, covered in

granules except in centre of superomarginals
where 1-2 pedicellariae usually present. Actinal
plates as abactinals, larger ones with 30 close-set

granules. Adambulacral plates with 3-^1 furrow
spines and to 7 subambulacral spines in 2 longitu-

dinal rows. Oral plates with 2 rows of 5-7 small
angular spines along margin; 5 large and 5-8
smaller suboral spines. 2 rows of suckered tube
feet.

Colour. Macquarie Island specimens (in alcohol)
tan. Live Atlantic specimens are reddish orange
above, cream below (A.M. Clark and Downey,
1992).

Habitat. Sand, mud (Sladen, 1889); rock (Branch
etal., 1993).

Distribution. North Pacific, Bering Sea. Gulf of
California, Burwood Bank Antarctica. Falkland
Islands (106-192 m); Marion Island (527 m);
Macquarie Island (105-148 m); the South Island
and subantarctic islands of New Zealand
(252-1125 m); southern Australia (no depth
recorded).

Remarks. McKnight (1973a) distinguished his
new species C. lennoxkingi from C. patagonicus
by the more numerous abactinal spinelets and the
fewer subambulacral spines. However, his speci-
mens (R = 30-51 mm) were considerably smaller
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than the hololype of C, patagonicus (R = 68 mm)
and the distinction between the two nominal

species appears to be size related. The present

specimen conforms broadly to both descriptions.

Branch et al. (1993) figured four large oral spines

on a specimen from Marion Island, which is

possibly a different species if this characteristic is

constant.

Poraniidae

Poraniu antarctica Smith

Plate le

Poumia an/an tica Smith. 1876: 108. -Fisher, 1940:

154.— A.M. Clark, 1962: 34.—Branch et al., 1993: 46.

—A.M.Clark, 1903:232.

Ponmia glaber Sladen, 1 889: 360-362, pi. 59 figs 1 , 2.

Porania Antarctica antarctica. —McKnight: 1984:

142.

Material examined. Macquarie Island, AM 1977-1978

Expedition, Caroline Cove (13 18.3 m), MA-303(1),

MA-31K1); ANARE 1986 Expedition, BT2, NMV
F60278( 1 ): BT4, NMVF76226( 1 ). Heard Island. Camp
Beach 16 Aug 1951, washed up after storm, NMV(6);
SWBeach, Aug 1951, NMVF75926( i ).

Description of Macquarie Island material. R to

59 mm, r to 25 mm, height to 25 mm. 5 arms,

broadly triangular. Disc high, madreporite small

at top of interradial margin. Disc and arms cov-

ered in thick skin obscuring underlying skeleton.

Dorsal spines thick, tapered to blunt tip, up to 2.2

mmhigh, twice as high as wide, smaller distally.

Spine distribution on arms variable, NMV
F60278, R = 25 m, with 1 carinal and 1 lateral

longitudinal row of 6 spines; R = 50 mm(MA-
303), with carinal row of 15 spines and 2 lateral

rows of 10 spines; R = 59 mm(MA-311), with

sinuous carinal row of 30 spinelets and 4-8 lateral

spinelets not organised into longitudinal rows.

Some spines scattered on disc, occasionally 2

close together. Clusters of 1-10 papulae scattered

amongst dorsal spines. Marginal spines slightly

thinner than dorsal spines, slightly flattened,

sometimes truncate, 1, sometimes 2, spines per

plate, to 2.2 mm long. Ventral disc skin with

notable radial striations (fascioles), no papulae,

no spines. 2, distally 3, furrow spines, outer spine

largest, flattened and truncate, inner spines

smaller, subcylindrical, each orientated

obliquely to furrow. 2 oral spines at jaw apex,

2-3 small, pointed spines along furrow edge,

0-1 suboral spines. 2 series of tube feet. No
pedicellariae.

Reproduction. Macquarie Island specimens with

gonads attached to the interradial septa, genital

pore situated abactinally; gonad consisting of a

dense bunch of branching tubules, to 12 mmlong,

containing abundant eggs, eggs to 0.5 mmdia.

Specimens of P. antarctica from McMurdo
Sound, Antarctica, have numerous eggs

(30,000^40,000), average size 0.55 mm dia,

which develop into pelagic feeding larvae (Bosch,

1989).

Colour. Macquarie Island specimens (preserved)

are off-white with brown tube feet. Branch et al.

(1993) reported their Marion Island specimens as

being a pink colour. Fisher (1940) recorded one

live Falkland Island specimen as scarlet.

Habitat. The two Australian Museum specimens

were collected amongst Codiuin or red algae

adjacent to dense Macrocystis beds growing on

boulders. Branch et al. (1993) recorded Marion

Island specimens from rock, sand and sand with >

5%mud. Sladen (1889) recorded a juvenile spec-

imen from the abyssal plain near the Crozet

Islands (2976 m).

Distribution. Antarctica ( 12-1335 m). Magellanic

region, South America north to 35°S (18-320 m).

Prince Edward Islands (10-280 m), Crozet (2976

m), Kerguelen (shore-23 m), Heard Islands

(shore- 150 m); Macquarie Island (13-105 m).

Remarks. The present specimens have strongly

developed dorsal and marginal spines similar to

those found on specimens from Marion Island

(A.M. Clark, 1962) and Kerguelen (Guille. 1974).

Several subspecies have been proposed by Fisher

(1940) and A.M. Clark (1962), however, they are

not clearly distinguished either morphologically

or geographically. There is an undescribed

species recorded from McMurdo Sound in the

Ross Sea (A.M. Clark, 1962; H.E.S Clark, 1963;

Bosch, 1989). This species is distinguished by the

smaller body size (R to 30 mm), genital pores

located on the oral surface, the relatively few eggs
(100-310), and the development of lecithotrophic

demersal larvae. Other small paucispinous speci-

mens from eastern Antarctica may prove to be a

third species (A.M. Clark, 1962). The trinomial

P. antarctica glabra Sladen, 1 889 has been used
for these animals (e.g., H.E.S. Clark, 1963;

McKnight, 1976; Mein, 1992) but this is inappro-

priate as the type of P. glabra is from Kerguelen
where it falls within the range of variation shown
by specimens of P. antarctica (A.M. Clark
1962).
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Order V elatida

Solasteridae

Solaster notophrynus Downey

Plate Ig h

Solaster notophrynus Downey. 1971: 39-42, fig.

I. A.M. Clark and Downey, 1992: 305, pi. 73e f.
-

A.M.Clark, 1996: 193.

Solaster dianae Stampanato and Jangoux in Branch
et al., 1993: 45 [in key with figures] [new synonymy],

Solaster dianei. —Stampanato and Jangoux. 1993:

183.

Material examined. Macquarie Island, ANARE 1986
Expedition, BT8, NMV F60290( 1 ); Australia, oil

Northwest Tasmania, 41 °06'S, 143°5()'E. I 1 10 1300
m, NMVE82065M).

Comparative material examined. Solaster suhareuatus
Sladen, 1889: Antarctica, Enderby Land, 65°48'S,
53°I6'E, 209- 180 m, 24 Jan 1930, BANZAREstn 41,

SAM K1453(6): Australia, off Port MacDonnell,
800-1000 m, AMJ 17796(1).

Description of Macquarie Island material. R= 40
mm, r = 1 1 mm. 7 arms, widened at base, taper-

ing rapidly after half R to blunt, round tip;

madreporite indistinct, slight interradial sulcus.

Abactinal plates in close regular reticulum,

usually quadrilobed, imbricating with neighbour-

ing plates. Paxillae small with low widened
pedicel, to 0.6 mmhigh, bearing 5-15, low cylin-

drical blunt, thorny, spinelets, to 0.15 mmlong.

Abactinal paxillae 0.4-0.6 mmdiameter, larger in

interradial disc sulcus, to 0.8 mm diameter,

smaller adjacent to marginals. Papular areas small

with usually 1 papula, papulae present on disk

and arms. Paxillae on disc and lateral arm sur-

faces in regular oblique rows, plates on dorsal arm
surfaces less regularly arranged, sometimes
trilobed with 2 papulae between plates.

Superomarginals similar to abactinals, slightly

larger than abactinals on smaller specimen, much
smaller than inferomarginals; paxillae with up to

12 spinelets. Proximal plates alternate in position

with inferomarginals, other plates aligned trans-

versely. Inferomarginals large, 31 plates along

arm, separated by less than their height. Paxillae

with high, laterally compressed pedicels, up to 30
short conical, terminally thorny, spinelets (mostly

broken) in 3^4 transverse rows. 5 series of
actinals on ventral disc area, only 1 series persists

after 14th marginal (two-thirds R), paxillae small,

with 5-8 spinelets. No actinal papulae.

Adambulacrals narrow, widely separated, 43
along arm; with 3-5 long tapered webbed furrow

spines in linger-like spread, to 1.5 mmlong: 6-14

long thin subambulacral spines, largest near

furrow, to 1.1 mm, subequal with furrow spines,

not webbed some thickened at tip. Eirst adambu-
laeral plate on smaller specimen with 5 furrow

spines and 14 subambulacral spines in 3 trans-

verse rows. Next few plates with 4 furrow spines

and 1-2 rows of subambulacrals. Plates at half R
with 3 furrow and 8 subambulacral spines in a

single transverse row. Distal plates with 3 furrow

and 6 subambulacral spines.

Oral plates widened and tumid; 10 furrow

spines, webbed at their base, innermost 2-3

enlarged and pointed, to 2.0 mm, lateral spines

interleave with spines on opposing jaw. up to 25
suboral spines on raised section of plate, inner

few enlarged, terminally thorny, rest small, coni-

cal. Oral suture wide and bare. 2 series of tube

feet.

Reproduction. Macquarie Island specimen
female; gonads small, shaped like bunch of

grapes, attached to dorsal end of interradial arc:

numerous eggs. 0.2 mmdia.

Colour. Macquarie Island specimens (in alcohol)

while. Atlantic specimens dark-reddish brown
(Downey, 1971).

Habitat. Marion specimens recorded from rock
(Branch et al., 199.3)

Distribution. Northwestern Atlantic (660 1230
m), Prince Edward and Marion Islands (335 475
m), Macquarie Island (330^150 m), Australia

(1 100-1300 in).

Remarks. Solaster notophrynus is characterised

by the numerous suboral and subambulacral
spines (pi. lh), the small dense abactinal paxillae

arranged in regular transverse and oblique series,

and the shape and number of the arms (pi. Ig).

The specimen from Australia is larger (R=70 mm)
than the Macquarie specimen but differs only in

having slightly fewer subambulacral spines. A
similar species Solaster dianae, has been recently

recorded from Marion and Prince Edward Islands

(Branch et al., 1993). A full description of this

species has not been published, however one of
the authors (S. Stampanato) has kindly supplied
me with a description and photos of the holotype.

5. dianae is very similar in general appearance to

S. notophrynus, the only apparent difference

being that the superomarginal plates are distinct

in S. dianae but indistinguishable from the abacti-

nal plates on the holotype of 5. notophrynus. This



182 T. D . O'llARA

feature is variable on the arms of the two spcci-

mens I have examined and there appears to be no

reason to retain S. dianae as a separate species.

Solaster is predominantly a northern hemi-

sphere genus. The other exceptions are S. torula-

ttts Sladen, 1 889, known from off New Zealand

and the Kermadce Islands in 1042-1116 m;
S. lottgoi Stampanato and Jangoux, 1993 from the

Enderby quarter of Antarctica; S. suharcualus

Sladen, 1889 from Kerguelen and southern

Australia; and S. regularis Sladen, 1889 from
throughout the Southern Ocean (although not yet

from Macquarie Island). These species have
fewer spines and spinelcts, and with the exception

of S. torulatus larger paxillae and more arms
(8-10). Solaster differs from the closely related

Crossaster by the smaller, denser abactinal

paxillae, arranged into oblique rows.

Crossaster multispinus ll.L. Clark

Plate If

Crossaster multispinus H.L. Clark, 1916: 66, pi. IS

figs 5, 6.— ll.L. Clark. 1946: I50.-Rowe and Gates,

1995: 113.

Material examined. Macquarie Island, ANARM 1986

Expedition, BT8, NMVF6029K I ).

Australia. Tasmania, Bruny Island. 270- 314 m. AM
E5078(2 syntypes); Eastern Bass Strait, 39°I1.3'S,

148°41.2'E. 440 464 in, 6 Feb 1985. NMVF82985(l );

39°3,3'S, I48°38.0'E. 435-480 m. 6 Feb 1985, NMV
F82986( 1 ).

Description of 'Macquarie Island material, R = 23

mm, r=12 mm. 10 short amis, tapered evenly to

blunt tip. Abactinal plates in irregular open retic-

ulum, paxillate with thick pedicel and bristling

crown of 15 long sharp spinelets (mostly broken),

with 3-4 narrow connecting bars to neighbouring

plates. Large papular areas with 1-2 papulae,

smaller paxillae developing within papular areas

with 1 -4 spinelets. Superomarginals similar to

abactinals; inferomarginals large. 14 along ami,

laterally compressed, widely spaced, separated in

middle of arm by more than their height, pedicel

large, thick, bearing to 30 long, serrated, spinelets

(to 1.3 mmlong) in 3^1 transverse rows; some
smaller paxillae interspersed. Actinal disc area

with up to 3 rows of small sparse paxillae, not

extending onto arm. Adambulaerals with 5-6

long slender tapered, slightly serrated furrow

spines (mostly broken), webbed to third of their

height, to 7 subambulaeral spines in transverse

row or arc, to 1.45 mmlong, decreasing in height

away from furrow, slightly larger than furrow

spines, flattened, webbed but not joined by web to

furrow spines. Oral plates widened with up to 1

1

webbed furrow spines, innermost 4 enlarged, up

to 10 suboral spines on raised section of plate.

increasing in size towards apex.

Colour. Macquarie Island specimen (in alcohol)

while, tube feet brown. Live colour of an

Australian specimen (NMV F82985) dull yellow-

olive dorsally with paler arm tips.

Habitat. Unknown.

Distribution. South eastern Australia, New
Zealand (90-1152 m); Macquarie Island

(330-450 m).

Remarks. This specimen is the first record of

Crossaster from Macquarie Island. It closely

matches the description of H.L. Clark (1916). It

was compared with syntypes of C. multispinus

and several other specimens from southern

Australia in Museum Victoria. The only slight

differences are in the length of the inferomarginal

spinelets and the number of arms, which is almost

always 1 1 on Australian specimens.

H.B. Fell (1958) synonymised C. multispinus

with C. jjponieus (Fisher, 1911) from Japan after

examining several specimens from NewZealand.

Rowe and Gates (1995) have disagreed and
retained the name C. multispinus for Australian

specimens. The identity of the NewZealand spec-

imens is unclear, but judging from the descrip-

tions and figures of KB. Fell (1958) and H.E.S.

Clark (1970), they appear conspecific with the

Australian and Macquarie Island species. A simi-

lar species, C. penicillatus (Sladen, 1889), is

known from off South Africa, Marion Island,

Tristan da Cunha, and Gough Island from 55-800
m (A.M. Clark and Downey, 1992). It differs in

having slightly fewer spinelets, 10 on abactinal

plates, 1 5 on inferomarginals, 4-5 furrow spines,

and has 8 I 1 (usually 10) arms. C. campbellicus
McKnight, 1973d from off New Zealand has 10

arms but differs in having fewer spinelets, only
2-5 on abactinal plates.

Pterasteridae

Pteraster ajfinis Smith

Pteraster affiitis Smhh, 1876: 108.— Koehler, 1917:
48. pi. X fig. 11. —A.M. Clark and Downey, 1992-
326.—A.M. Clark, 1996: 206.

Pteraster a/finis afflnis— A.M.Clark, 1962:63 text-
figs 1 Of, g.

? Ilymemtstemp. (juv).— A.M. Clark, 1962: 67.

Material examined. Macquarie Island, AM 1977-1978
Expedition. Caroline Cove (8 m). MA-300 AM
J22731(l): Kerguelen. Royal Sound, 2-20 rrj 10 Feb
1930, BANZARE stn 49, SAM K 1461(1); Bras
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Bolinder, 20-30 m. 14 Feb 1930 BANZAREsta ^3
SAM K1462(2); Heard Island. Camp Beach 16 Aug
1951. washed up after storm, NMVF76183(l).

Comparative material examined. Hvmenaster sp.:

Macquane Island, Off Lusitania Bay, 54°42 58'S
158°54.5'E, 69 m, 5 Dec 1930. BANZAREstn 83*

SAMK1469(1).

Description of Macquarie Island material. R =
1

3

mm, r = 7 mm; 5 amis, short, triangular, blunt
tip: interradial arcs rounded. Abactinal plates

paxillate; 2-6, usually 4. subequal paxillar
spinelets, thin, slightly flattened, to 1.0 mmlong,
slightly serrated or widened at tip, fenestrated sur-
face. Paxillar pedicel small, twice as high as wide.
Thick, pulpy supradorsal membrane connecting
spinelets at midheight. Actinolateral fringe of
spines connected by continuous webbing along
arm, spines flat, striated, truncate tip, to 2.0 mm
long. 4 webbed adambulacral spines in transverse
row near furrow. 5 webbed marginal spines on
each oral plate, webbing not continuous over jaw
apex; 1 large suboral spine, distally directed,

largely covered in membrane, tricarinate near
pointed tip. 2 rows of suckered tube feet.

Reproduction. Macquaric Island specimen
female, gonad mass small (2 mmwide) consisting
of a bunch of short transparent tubules with 2-3
eggs; approximately 30 eggs per gonad; eggs
elongate, to 0.4 mm long. Gonad is attached
near the dorsal margin of the arm, near to the
interradial arc.

Colour. (In alcohol) tan.

Habitat. The Macquarie Island specimen was
found on boulders in a dense Macrocystis bed at

8 m. Branch et al. (1993) recorded their Marion
Island specimens from rock, sand and gravel.

Distribution. Antarctica (0-603 m), Magellanic-
region (0-740 m), Kerguelen (0-91 m). Heard
Island (shore), Macquarie Island (8 m), Marion
Island.

Remarks. The condition of the specimen is poor;
many spines are broken and the animal is quite
flaccid. Nevertheless, enough diagnostic charac-
ters are visible to fully identify the specimen,
including the large erect suboral spine, and the
number and webbing of spinelets. A.M. Clark
(1962) recognised three subspecies of P. affinis
that surround the Southern Ocean: P. affinis
lebruni Perrier, 1891 reported from Argentina, the

Falkland/Magellan region and the Prince Edward
Islands; P. affinis aculeatus Koehler, 1 920 occur-
ring in eastern Antarctica from Kemp Land and
the Ross Sea; and P. affinis affinis from Kergue-
len. However, A.M. Clark and Downey (1992)

point out the overlap between these supposed sub-
species and the close relationship of P. affinis

with P. militaris from the Arctic. The Kerguelen
specimens that I have examined are very similar

to those from Macquarie and Heard Islands, dif-

fering only in having thicker opaque webbing
between the spinelets, but this may be due to

differences in preservation.

McKmght (1984) recorded a small specimen (R
= 17 mm) of P.. stellifer stellifer Sladen, 1882
from Macquarie Island. Sladen (1889) described
this species as having five marginal oral spines
not connected by webbing, a smaller proximal ly
directed suboral spine, and regular "stellate"

abactinal paxillac with six subequal spinelets. 1

have not been able to examine McKnighfs spec-
imen but it appears from the description to differ

from the type in having up to 7-9 spinelets on the
abactinal paxillae, the peripheral spinelets (0.75
mm long) truncate, tapering slightly and the
central spinelet long (1.5 mm) stout and non-
tapering. More specimens are required to clarify

the relationship. A.M. Clark (1962) recognised
two subspecies of P. stellifer. P. stellifer himteri
Koehler, 1920 differing from P. stellifer stellifer

in having flared paxillar spinelets. However, sub-
sequently A.M. Clark and Downey (1992) list

P. himteri as a synonym of P. stellifer without
comment. P. stellifer has been recorded from
southern South America and around Antarctica
(79-2084 m), including the Balleny Islands
(McKnight, 1976 as P. stellifer himteri)

A.M. Clark (1962) has also recorded a tiny

specimen (R = 3.5 mm) of a undetermined
Hymenaster species from Macquarie Island which
I have examined. The oral and adambulacral
spines lack webbing as is characteristic of
Hymenaster. The specimen has approximately 20
abactinal paxillae with 5-8 spinelets, the middle
1-3 longest, 2-3 subambulacral spines, two oral
and one small suboral spine. The specimen is

obviously a juvenile, possibly even a juvenile of
one of the Pteraster species listed above, and its

true affinities cannot yet be determined.

Order Spinulosida

Echinasteridae

Henricia obesa (Sladen)

Plate 2a

Cribella obesa Sladen, 1889: 544-45 pi XCV1 fies

3, 4, pi. XCVIII figs 5, 6.

Henricia obesa.— Fisher, 1940: 164.—A.M. Clark,
1962: 48, figs 5n, 6a-c— McKnight, 1984: 143.
Rowe and Albertson, 1987: 190-192, figs 2a, b.—A M
Clark and Downey, 1992: 392-393, fig. 60s pi 95a

-'

A.M. Clark, 1996: 237.
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Plate 2. a, Henricia obesa, dorsal view, NMVF60281; b, Henricia studeri, dorsal view, NMVF60287;
c, Odontohenricia anarea, paratype, dorsal view, NMVF60289; d, Odontohenricia anarea, adambul-
acral and marginal spinelets, NMVF60289; e, Odontohenricia anarea, abactinal spinelets, NMVF60289;
f, Anasterias directus, dorsal view, NMVF77766; g, Anasterias directus, dorsal view of arm (skin removed
on upper arm), NMVF76241; h, Anasterias directus "antarctica form", dorsal view of arm, NMVF76242'
i, Anasterias mawsoni, dorsal view, NMVF76170;j, Anasterias mawsoni, dorsal view of arm', NMVF76164;
k, Anasterias mawsoni "sphoerulatus form", dorsal view of arm, NMVF76181.
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Henricia lukinsi.— McKjiight, 1984: 143 [non //.

/wAm«(Farquhar, 1898)].

Henricia sp. aff. 0b?$a.— O'Hara, 1998a: 146.

Material examined. Macquarie Island, AM1977-1978
Expedition, Caroline Cove (8-18 m), MA-298 AM
J22732(l), MA-300 AM .122730(1), MA-303 AM
J22733(l), MA-306O). ANARE 1986 Expedition,

BT2, NMVF60281(13); BT3, NMVF602S0(3); BT4
NMVF76223(7): BT5, NMVF60282( 1 ); BT10, NMV
F60279(2); off Lusitania Bay, 54°42.5'S, 158°54.5'E,

69 m, 5 Dec 1930, BANZAREstn 83, SAMK1449(4)
and BMNH, 1965.8.5.108 110(4): 54°23.9'S,

158°59.3'E, 183 m. NZOl stn A698, identified by
McKnight (1984) as H. lukinsi, NIWA( 1 ).

Falkland Islands, Port William, 51°40'S, 57°50'W, 22
m, 26 Jan 1876, sand/gravel. Challenger stn 315,

BMNH90.5.7.831-3 (holotype and paratypes of//.

obesa); Discoveiy stns WS 81,84, 85, 86, 93, 220,
75-151 m. identified by Fisher (1940), BMNH,
1948.3.16.467-470(4).

Australia, New South Wales, Shoalhaven Bight, 512 m,
identified by Rowe and Albcrtson (1987). AM
J13288(7); Victoria, East of Gabo Island, 410-450 m,
identified by Rowe and Albertson (1987). AM
J 18628(3).

Comparative material examined. H. aucklandiae

Mortensen. 1925: Auckland Island, Camley Harbour,

29 Nov 1914. ZMUC(syntype); Figure Eight Island, 2

Dec 1914. ZMUC(syntype); Masked Island, 3 Dec
1914, ZMUC(syntype); Chatham Islands, low tide,

identified by H.B. Fell (I960), BMNH,
1952.4.16.17(2). H. lukinsi (Farquhar, 1898): Auckland
Island, Camley Harbour, Figure Eight Island, 2 Dec
1914, identified by Mortensen (1925), ZMUC(l):
Auckland Island, Laurie Harbour. Discoveiy Expedi-

tion, 1904, identified by A.M. Clark (1962), BMNII
1905.7. 1 4. 1 0( 1 ): Campbell Island, off East Cape. 1 8 m.
13 Jan 1980, AM.122905(1).

Description of Macquarie Island material . R =

9^16 mm, r to 10 mm; 5 equal subcylindrical or

flattened arms (1 specimen with 6 arms NMV
F60281), sometimes inflated at base, slender

distal ly, tapering to round tip, tip often curled.

Abactinal plates in coarse reticulum, papular

areas largest on base of arm, to 1.5 mmdia., with

3-9 papulae, secondary plates sometimes present

in papular areas, few papulae on disc. Abactinal

plates with irregular row of 1-6 short stout,

tapered or slightly capitate, terminally thorny

spinelets, 1/w = 1.5-2 (3 when skin is removed),

to 0.4 mmhigh. Superomarginals quadrilobed or

rhomboidal with up to 6 spinelets clustered on

dorso-distal side of plate. Inferomarginals

quadrilobed, imbricating, 6-8 spinelets in irregu-

lar transverse row. Usually 1 series (sometimes
2-3 series on specimens R > 40 mm) of bar-like

intermarginals extending to quarter R with 2-4

spinelets in transverse row. Actinals square-

shaped, extending to two-thirds R. with 2—4

spinelets, 3-10 bar-like plates in second series

proximally, to half R on largest specimens.

Marginal and some actinal papulae present. 10

adambulacrals to 7 inferomarginals, 1 slender

spine in furrow, 1-2 large club-shaped spines

on furrow edge, 3-5 subambulacral spines in I

(smaller specimens) or 2 (larger specimens)

rows. Oral plates each with 3-5 furrow spines,

innermost enlarged, 1-3 suboral spines. Some
actinal papulae.

Reproduction. AM Expedition specimens with

gonads consisting of several tubules with 2-3

rows of short lateral branches or lumps, attenuat-

ing is size distally; sexes separate, female gonads

with eggs of varying size classes, 0. 1-1 .2 mmdia,

large eggs relatively few in number.

Colour. Macquarie Island specimens (in alcohol)

dark brown, tan or off-white, with yellow-brown
adambulacral area, brown tube feet. Fisher ( 1 940)
recorded the live colour of Falkland Islands

specimens as orange-yellow, paler distally.

Habitat. The four AM Expedition specimens

from Caroline Cove were found amongst a dense

Macrocystis bed (8-18 m). McKnight's (1984)

record of a Macquarie Island specimen from
"0 m" at Sandy Bay was presumably a beach-

washed specimen. Falkland Islands specimens
were recorded from coarse sand, fine sand,

stones, gravel, shell (Fisher, 1940). A Marion
Island specimen has been collected from rock

(Branch etal., 1993)

Distribution. South America, Falkland Islands

(22-450 m); Marion Island (527 tn); Macquarie
Island (8-433 m); southeastern Australia

(73-604 m).

Remarks. I have followed A.M. Clark (1962) and
McKnight (1984) in referring these specimens to

H. obesa. This species is characterised by an open
skeleton, robust abactinal spinelets arranged in

1-2 rows along the plates, and adambulacral
spinelets also arranged in 1-2 transverse rows.

However, there are some slight differences that

distinguish the Macquarie Island material from
specimens from South America and Australia.

These latter specimens (including the types) have
consistently smaller (0.2-0.3 mm) and more
numerous abactinal spinelets. Up to 15 spinelets

occur in 2 (or even 3) rows along the abactinal

plate. Larger animals have a more open skeleton

with more secondary calcification than Macquarie
specimens of the same size. Many authors,

including Fisher (1940) and Hayashi (1941),
have commented on the extreme difficulty in
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identifying Henricia material and I refrain from
establishing a new species on the basis of such

small differences.

McKnight (1984) has recorded two additional

Hettricla species from Macquarie Island that are

otherwise known from the subantarctic islands of
New Zealand: //. aucklandiae Mortensen, 1925
and //. luklnsi (Farquhar, 1898). I have examined
a specimen identified by McKnight as II. lukinsi

and one as //. aucklandiae. The H. lukinsi speci-

men is identical to my //. obesa material. The
specimen of //. aucklandiae has numerous
spinelets and is referable to H. s/uderi (see

below).

//. lukinsi material from New Zealand can be
distinguished from //. obesa. II. lukinsi is a small

species (R to 24 mm) with adambulacral, actinal

and marginal spinelets aligned in a prominent row
on each transverse series of plates. Other notable

features include the denticulate nature of the

abactinal spinelets, and a shallow depression in

each interradial disc area. On the other hand New
Zealand specimens of //. aucklandiae are very
similar to //. obesa differing only in having a

slightly more compact skeleton and //. aucklan-
diae appears to be no more than a regional variant

off/, obesa. Large specimens of H. aucklandiae
(R=37 mm) have 7 9 adambulacral spinelets

(0.25 mmhigh) in two rows, 15 18 abactinal

spinelets in clusters or in two rows, a single row
of actinal plates extending almost to the ray tip

and some intermarginal plates at the base of the

arm. Molecular or developmental studies are

required to determine whether the difference

between all these regional forms are of specific or

infraspecific rank.

Henricia studeri Perrier

Plate 2b, Figure 3a-c

llcnricia studeri Perrier, 1891: 102 103, pi. 9 fig.

2.—Fisher, 1940: 163 164, pi. II fig. I. -A.M. (lark
and Downey, 1992: 398, fig. 60n.— A.M. Clark, 1996:

242.

llcnricia aucklandiae. McKnight, 1984: 143 [non
//. aucklandiae Mortensen, 1925].

Material examined. Macquarie Island, ANARF 1986
Expedition stn BT2, NMV F60286(2); NMV
F60287(l); BT3, NMV F60285( I ); BT4 NMV
F76224<1); BT8, NMV F6()287(l); BTIO, NMV
F60283(l): off Buckles Bay, 372 m. Feb 1967, NMV
F60284(l); 54°59.7'S, I58°36.4'E, 155-198 m,
NZOI stn E236a, identified by McKnight (1984) as

II. aucklandiae, NIWA( I ).

Falkland Islands, Discovery stns WS81, 85, 86, 872.

147 151 in. identified by Fisher (1940), BMNH
1948.3.16.453 465(12).

Comparative specimens examined. H. compacta
(Sladen, 1889): West of New Zealand, 38°50'S,

169°20'E, 510 m, 23 Jun 1874, Challenger stn 166,

BMNII 90.5.7. 830(holotype); Australia, off Tasmania,

42"43'S, I48°25'E, 506 m, 25 Jun 1984, NMV
F762380). H. abyssalis (Perrier, 1894): South Africa,

olTCape ol'Good I lope, 304 m, BMNH, 1 903.8. 1 .80(2).

Description of Macquarie Island material. R =

18-38 mm, r to 7 mm, arms 5, elongate, slender,

tapered, cylindrical, slightly inflated at base,

usually curled at tip. Disc small; anus central,

noticeable; madreporite small, at interradial

margin. Abactinal plates in irregular compact
reticulum, papular areas not large, to 0.45 mm
dia., with 2-3 papulae, little secondary calcifi-

cation, no accessory plates. Plates quadrilobed or

trilobed, imbricating with 2-4 neighbouring
plates, with small cresentic central raised section,

3 30 clustered spinelets per plate, to 5 wide,

spinelets 1/w = 4-6, with 2-4 minute thorns at the

tip, to 0.2 mmhigh. Marginals clearly visible in

regular longitudinal rows. Superomarginals
quadrilobed or irregular, imbricating, with thick-

ened distal edge, up to 30 spinelets, similar to

abactinal spinelets. Inferomarginals larger,

quadrilobed or rhombic, with thickened proximal
edge, up to 40 spinelets (to 0.14 mmlong), few
intermarginal plates present at greatest arm
breadth (fifth R), similar to superomarginals. 1

series of actinals extend the arm length, closely

imbricating, distal edge thickened, 10 20
spinelets, in clusters or in 3 transverse rows on
proximal plates. I adambulacral plate to every
inferomarginal. 1. sometimes 2, small spines in

furrow; 2, sometimes 3, large stout capitate spines
at furrow edge (to 0.55 mmlong), with 7-10 sub-
ambulacral spines, in 2-3 transverse rows, spine
height decreasing away from furrow, some
thorny. Marginal and actinal papulae present even
at arm base. Oral plates each with 3-4 furrow
spines, innermost enlarged (0.6 mm long), 2
suboral spines.

Colour. Macquarie Island material (in alcohol)
off-white. A.M. Clark and Downey (1992)
recorded live colour of Atlantic specimens as
orange-yellow to light red above, dull yellow
below. Marion Island specimens are pale (Branch
etal.. 1993).

Habitat. Coarse sand, shell, stones (A.M. Clark
and Downey, 1992); rock (Branch et al., 1993).

Distribution. South America, Falkland Islands
(74-430 m), Prince Edward Islands (474-527 in),

Macquarie Island (100-450 m), Marion Island.

Remarks. Henricia studeri is related to several
other Henricia species that circle the Southern
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abactinals

peromarginals

nferomarginals

actinals

adambulacrals

m superomarginals

inferomarginals

actinals

Figure 3 a-c, Henricia studeri, NMVF60287: a, detail of a jaw showing the position of the oral spinelets;

b, detail of dorsal arm surface showing arrangement of abactinal spinelets; c, ventrolateral view of the base

of an arm, showing the arrangement of marginal plates, d, Henricia compacla, NMVF72238: ventrolateral

view of the base of an arm, showing the arrangement of marginal plates, e-g, Odontohenricia anarea,

holotype, NMVF60288: e, detail of a jaw showing the position of the oral spinelets; f, ventrolateral view of

a section'of an arm; g, detail of dorsal arm surface showing arrangement of abactinal spinelets.
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Hemisphere including //. compacta (Sladen,

1889), H. ahyssulis (Perrier, 1894) and
H. praestens (Sladen, 1889). These species were
characterised by A.M. Clark (1962) as having a

large numbers of spinelets, two furrow spines

and a extensive row of actinal plates, usually

extending to the arm tip. The Macquarie Island

specimens conform to the descriptions given by
Perrier (1891) and A.M. Clark and Downey
(1992) for H. stitderi. They are identical to

Falkland Islands material identified by Fisher

(1940).

The Macquarie Island material was compared
to the juvenile hololype of H. compacta and to

larger specimens from off southeastern Australia.

H. compacta differs from H. studcri in having a

more compact abactinal skeleton, smaller, liner

abactinal spinelets, and more subambulacral
spines. The marginal plates on H. compacta are

quite pronounced and often irregularly placed,

particularly at the base of the arms (fig 3d), there

being fewer superomarginal than inferomarginal
plates. //. pracstens, known from off Marion and
Crozet Islands, has a secondary skeletal network,
fewer dorsolateral spinelets, knob-shaped furrow
spines and is an orange colour (Branch et al.,

1993). //. abyssalis which has been found in deep
water off South Africa is a much larger species
with two series of actinal plates that continue to

the ami tip.

Odontohenriciii anareu sp. nov.

Plate 2c e. Figure 3e-g

Odmtohenriciasp.tmv.- O'llara. 1998a: 146.

Material examined. Holotype, off Judge and Clerk
Rocks, 54°23.6'S, 15S°59.3'E, 100 in. 10 Dec 1986 sin

BT10. NMVF60288.
Paratypes, type locality and date, NMVF60289(2).
Other material. Macquarie Island. oH'Lusitania Bav.

54°42.5'S, 158°54.5'E. 69 m, 5 Dec 1930, BANZARF
stn83, SAMK 1826(1).

Comparative material examined. O. elarkae Rowe and
Albertson, 1988: South Africa, 34 ,J

33'S, 18°20'F, 290
m. BMNH 1987.4.9.1. l(liolotypc). O. endeavouri
Rowe and Albertson, 1988: eastern Bass Strait

38°9.l 'S, 149°54.0'E, 440 in, NMVF82983( 1 ).

Description. Holotype. R = 26 mm. r = 5 mm. br
= 6 mm. Arms 5, cylindrical, slightly broadened
at base, tapering gradually to rounded tip. Disc-

small, madreporite near interradial margin, anus
central. Abactinal plates in reticulum, plates

cresentic or bar-like, imbricating with 2-3 neigh-
bouring plates, which surround sunken, round,
oval or irregular papular areas, papular areas

0.7-1,3 mmdia. Raised ridge on plate bearing

combs of 2-8 spinelets (typically 3-5), in I . occa-

sionally 2, rows. Spinelets small, slender, slightly

capitate or tapered, minutely thorny (when skin

removed), 0.3-0.5 mmhigh and 0.1 mmwide.

Papular areas with 1 4 papulae around rim, often

with an accessory plate in centre. Marginals

distinct in regular transverse and longitudinal

rows, to 40 along arm. Superomarginals

quadrilobed, often irregular in shape, longer than

wide, raised section on plate triangular or bar-

like, with up to 10 spinelets in 2 transverse rows.

Intermarginals bar-like, single row extending up
to 14 plates along arm (half R), up to 4 spinelets

clustered on proximal plates. Inferomarginals

larger, quadrilobed or rhomboidal, with up to 16

spinelets in several rows, to 0.4 mm high.

Actinals square or rectangular, extend to half R,

with up to 7 spinelets in 1-2 rows. Marginal and
actinal papulae present, usually 1 per area.

Adambulacrals rectangular. 9 adambulacrals to

every 7 inferomarginals. 1 upwardly curved spine

inside furrow, 1-2 large, cylindrical blunt spines

on furrow edge, 1/w = 3 (4 when cleaned), to 0.8
mm. 5-6 subambulacral spines decreasing in

height away from furrow, arranged in 2 transverse

rows. Oral plates with large recurved spine
apically, 3.0 mmlong, 1 .0 mmwide, tapering to a

sharp point: 3-4 furrow spines, half as high as
apical spine, 1-3 suboral spines.

Paratypes. R = 25 and 29 mm, r to 6 mm, br to

7 mm. Largest paratype differs from holotype in

having short second row of superomarginal plates

proximally and smaller oral spines.

Reproduction. Paratypes with short branched
gonads attached at base of arms to lower dorso-
lateral surface. No eggs apparent.

Colour. (In alcohol) fawn or light orange,
ventrally paler, brown tube feet.

Habitat. Unknown.

Distribution. Macquarie Island (69-100 m).

Etymology. Latinised form of the acronym
ANARE (Australian National Antarctic Research
Expeditions), in recognition of its contribution to
this research.

Remarks. The genus Odontobenricia Rowe and
Albertson, 1988 is distinguished from Henricia
and other echinasterids by the presence of a large
recurved pointed spine at the apex of each jaw.
Four species were previously known, all

described by Rowe and Albertson (1988). O.
anarea is closest in form to O. elarkae, known



SYSTEMATICAANDBIOLOGYOF MACQUARIEISLAND LCHINODERMS 189

from off South Africa. The holotype of O. clarkae
was examined for comparison. It is in poor
condition with much of the skin and spines

removed, R = 33 mm. It differs from O. anarea in

having slightly thinner amis (br = 6 nun), a finer

abactinal skeleton (papular areas typically

0.6-1.0 mmdia.), more numerous but smaller
abactinal spinelets (0.25 mm long, 0.04 mm
wide), more numerous subambulacral spines
(10-13 per plate), and a larger oral spine (to 1.2

mm).
O. hayashii from Japan differs in having thin-

ner arms and a finer skeleton (papular areas

appear to be 1 .0 mmdia. in Rowe and Albertson,

1988, fig. 10), but otherwise has quite similar

abactinal spinelets and marginal and adambu-
lacral spines. O. endeavouri from off southern
Australia has a finer skeleton consisting of stellate

plates and isolated tufts of numerous small
spinelets. O. fisheri from off the North Pacific

coast of America has more numerous abactinal,

adambulacral and oral spines.

Specimens of Odontohenricia have been
misidentified as Henricia species in the past.

They are often superficially similar and, as more
specimens are collected, show the same minor
variation in skeletal and spine arrangement that

make Henricia specimens difficult to identify.

One of the current specimens was amongst nine
identified as Henricia ohesa by A.M. Clark
(1962). Apart from the lack of an enlarged oral

spine, the Macquarie Island specimens of
H. obesa differ in having a more open skeleton

with fewer spinelets and spines.

Order Forcipulatida

Asteriidae

Smilasterias clurkailsa O'Loughliu and O'Hara

Smitaslerias sp. cf. irregularis. —A.M. Clark, 1962:
87-88.

Smilasterias irregularis. —McKnight. 1984: 143
[non .S: irregularis H.L. Clark. 1928].

Smilasterias clarkailsa O'Lounhlin and O'Hara,
1990:316, pi. If. g.

Material examined. Macquarie Island, off Lusitania

Bay. 54°42.7'S, I58°54.50'E. 69 m, 5 Dec 1930. BAN-
ZARE sin 83, BMNH 1965.8.5.220 (paratype)-

54°23.9'S, 158°59.3'E, 183 m, NZOI stn A698, identi-

fied by McKnight (1984) as 5. irregularis, NIWA(I).
ANARE1986 Expedition, BT2, NMVE53754 (holo-

type), NMV F53755(paratype); BT3, NMV
F53753(paratype). AM 1977-1978 Expedition, Garden
Cove (11-14 ni). MA-379(1); Caroline Cove (13 m).

MA-31K1).

Comparative specimens examined. See O'Loughliu and
O'Hara (1990).

Description of material. R = 15-75 mm, r to 13

mm; 5 subcylindrical anus, sometimes shed at

base; disc small, disc skeleton reticulate. Abac-
tinal spinelets spaced in small specimens ( R < 40
mm)or grouped in large specimens, cylindrical or
capitate, 1/w = 2-2.5. Carinal plates raised,

quadrilobed, bearing 8 spinelets in a 'V'-shape.

To 10 small, narrow dorsolateral plates

transversely between carinals and supero-
marginals, 1-3 longitudinal linkages, up to 6

spinelets per plate, up to 20 spinelets between
carinals and superomarginals. Superomarginals
cruciform, proximal plates sometimes beaded, to

8 spinelets in 1-2 transverse rows, lower spinelets

club-shaped. Inferomarginals usually forming
actinolateral margin to arm, 3^1. sometimes 5,

flattened, flaring, truncate spines. 2 actinal series

on larger specimens, first to three/quarters R,

second to quarter R, with 0-3 spines. Adambu-
lacrals with 3, sometimes 4, spines, furrow spine

rectangular and chisel-shaped, spines away from
furrow truncate and flaring,. Two pairs of oral

spines, adoral spines larger than adambulacral
spines. Dense crossed pedicellariae on abactinal,

marginal surfaces, to 3 times as numerous as

spinelets. Small lanceolate straight pedicellariae

abactinally. marginally, actinally and in furrow.

Large incipiently felipedal pedicellariae mar-
ginally, actinally and in furrow, each valve with
small notch on either side of the hooked tip,

largest on disc interradial area. 2 series of large

suckered tube feet.

Reproduction. Gonads long (to half R) with short

lateral branches or tubercules arranged in 2-3
longitudinal rows, attached at the base of arm on
the lower dorsolateral surface: sexes separate,

eggs elongate, 0.5-1 .0 mmlong.

Colour. Tan (in alcohol).

Habitat. The AM Expedition specimens were
found on Codium adjacent to a dense Macrocvstis
bed, and on a sponge/hydroid mat under a rock
overhang.

Distribution. Macquarie Island (11-357 m);
South Tasman Rise (620-1650 m).

Remarks. The two large specimens collected by
divers on the 1977-1978 Australian Museum
Expedition (MA-31 I, R = 70 mm; MA-379, R =
75 mm) differ from the S. clarkailsa types (R to

38 mm) in having grouped abactinal spinelets,

more numerous spines and spinelets, a second
row of actinal plates and no beading on the super-
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omarginal plates. These features indieate that

S*. clurkailsu is more closely related to the

subantarctic species S. scalprifera (Sladen, 1889)

than to the Australian species S. irregularis H.L.

Clark. 1928, S. clurkailsu is distinguishable from

S. scalprifera by the density of crossed pediccl-

lariae. This species has been recently collected

from seamounts south of Tasmania (O'Hara.

1998b).

Anasterias Pettier

Anasterias Perrier, 1875: 81. -Fisher. 1930: 221.—
Fisher. 1940: 231.- A.M. Clark, 1962: 93.

Sporasterias Perrier, 1894: 107. - Fisher, 1930: 239.

Culvasterias Perrier, 1875: 84—Fisher, 1930: 225.

[New synonymy]

Remarks. Culvuslerius was distinguished from

Anusterius by the increased calcification of the

abactinal skeleton. Flowever, this feature varies

within and between different populations of

species in both genera. Calvasterias includes four

species: C usterinoides Perrier, 1875 the type

species, supposedly from the Falkland Islands,

C stolidotu Sladen, 1889 from South America,

C. laevigatas (Hutton, 1879b) and C. suleri de

Loriol, 1894 from New Zealand. I have examined
adult specimens from all four species (see under

A. direcla below) and find no significant differ-

ence between the skeletons of the last three

species and the skeleton of pentamerous

Anusterius specimens from South America
(A. untureticu), Kerguelen {A. rupicolu) and
Macquaric Island (A. direcla). The status of the

type species is uncertain, as it is unclear as to

whether the types were collected from Torres

Strait, the Falkland Islands or the Auckland
Islands, south of NewZealand (A.M. Clark, 1962:

93-4). The only other known specimens are also

of uncertain origin (A.M. Clark, 1962). These
specimens (BMNH 1844.5.29) arc small

(R=17-23 mm) with coarse overlapping skeleton

ossicles, reduced papular areas and few carinal or

dorsolateral spines. They are similar to some
small spinous specimens of C. luevigutus and are

possibly members of that species. The overlap-

ping skeleton is probably an artefact of collection

and preservation. There is no justification for the

retention of two genera, Calvasterias being a

junior synonym of Anasterias by page priority.

Anasterias directa Koehler

Plate 2f-h

Parastichaster directus Koehler, 1920: 97-101, pi.

xx figs 8-11, pi. xxi figs 8-12, pi. xxiii figs 1, 2, pi. lxii

fig. 2. —Rowe and Pawson, 1977: 342.

Sporasterias directa. —Fisher. 1930: 241. —Bennett,

1971, pis 34, 35, 56 fig. 2.

Anasterias directa.—AM. Clark. 1962: 97, text-fig.

17c. -Simpson, 1982: 43-45. figs 5. 6.—McKnight,

1984: 143.

Sporasterias untureticu. —Koehler, 1920: 78-79, pi.

xviii figs 1-4. [non.4. antarctica (Liitken, 1857)].

Material examined. (Specimens marked * are typical of

the "UHtarettca" form). Macquarie Island, 10 Oct 1913,

Low tide. H. Hamilton, AM J3636(2 synlypes of

P. directus, the syntypes Koehler labelled "C" and "D"
were inadvertently destroyed in, 1939 - see Pawson and

Rowe, 1977); H. Hamilton, 1913, identified by

Koehler (1920) as S. antarctica, AM J3726(ll*);

Secluded Beach. 27 Nov 1989, NMV F77766(4),

F77767(18*); Garden Cove, Dec 1959, NMV
F45010(15), F76254(30*); 15 Dec 1959, F45012(l 1*):

20 Dec 1961, NMV F76256(l*); 1961, NMV
F76252(2*); 31 Mar, 1962, NMVF76267(l); 12 Aug
1962, NMVF76264(4), F76249(40*); 11 Feb 1964,

NMV F76263(4), F76253(3*); 16 Jun, 1967, NMV
F76262(5); 18 tun, 1967, NMVF76261(l*); 14 July,

1975, NMV F76266(l); 25 Nov 1989, NMV
F76274(l*); 26 Nov 1989. NMVF76273(2): Buckles

Bay, 28 Dec 1948, NMVF762480 juv*); 16 Jul 1949,

NMVF76247(2 juv*); 9 Feb 1950, NMVF76244(l*);

Feb 1950, NMV F76242(2*); 8 Dec 1962, NMV
F76265(2); Dec 1966, NMVF76270O juv); 7 Dec
1986, NMV76272(1*); Sandy Bay, 7 Feb 1962, NMV
F7627K1 juv), F76251(3*); Green Gorge, 24 Jul 1962,

NMVF76257(4*); Lusitania Bay, 25 Jul 1962. NMV
F76250(4*); third Point, 10 Jan 1962. NMV
F76260(l*); Caroline Cove, 10 Jun, 1962, NMV
F76258(6*): Aurora Point. 8-9 Feb 1962, NMV
F762680 ); Bauer Bay, 8 Oct 1962, NMVF76255(3*);

Hasselborough Bay, 19 Dec 1949, NMVF76241(l);

Aerial Cove, 2 Dec 1949, NMVF76246( I juv*); 26 Jan

1950, NMV F76245(4 juv*); 28 Nov 1989, NMV
F77768(3), F77769(17*). AM 1977-1978 Expedition,

Gorilla Head Rock (8-12 m). MA- 142(2),

MA-147(1*); Tottan Head, Goat Bay (14 m).

MA-39(1), MA-37KI); Tern Rock Bay (7 m).

MA-35(4); Garden Cove (1-10 m) MA-14(4),
MA-127(4*), MA-359(1), MA-360(1); NE Buckles
Bay (intertidal), MA-93(I); Sandy Bay (9 in),

MA-224(I); Green Gorge (int-14 m). MA-245(1),
MA-247(2), MA-253(8>rMA-256(l*), MA-259(I*),
MA-280(I*), MA-281(5*); Caroline Cove (8-13 in),

MA-3000*), MA-30612*); Handspike Point (inter-

tidal-0.5 m). MA-136(4*), MA-138(2); Aerial Cove
(0.5-6 in), MA-46(3), MA-47(3), MA-50(3*),
MA-83(6), MA-102(2*), MA-107(3), MA-108(4*),
MA-109(1), MA-382(4), MA-383(2*), MA-3840*),
MA-386(1), MA-388(8); Anchor Rock (13-20 m),
MA-89(1), MA-950).

Comparative material examined. A. antarctica ( Liitken.

1857): Magellan Strait, Punta Arenas, coll. Schythe.
ZMUC(holotype); Chile, Linao, 41°50'S, 73°34'W.
BMNH 1975.11.12.6(1); Argentina, Puerto Deseado,
identified by Bernasconi, BMNH 1961.7.27.18(1);
Golfo RE Concavi, lsla Calburo, identified by
Bernasconi, BMNH1961.7.17.19(1); Magellan Strait,
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Fortescue Bay, Discovery stn 724, 0-5 m, 1 6 Nov 1 93 1

,

BMNFI, 1948.3.16.657(10); Cape Horn, St Martins

Cove, Ross Antarctic Expedition, BMNFI,
1960.4.13.1-2(4). A. minuta Perrier, 1875: Falkland

Islands, Stanley Harbour, BMNH1960.5.17.19(1). A,

studeri Perrier, 1891: Falkland Islands, Discovery stn

WS91, 191-205 m, 8 Apr 1927, identified by Fisher

(1940), BMNH 1948.3.16.662(10). A. slolidoia

(Sladen, 1889): South Chile, Messier Channel, Chal-

lenger, BMNH(holotype). C aslerinoides Perrier,

1875: Falkland Islands (or possibly Auckland Is - see

A.M. Clark, 1962). Dr .1. Robertson, BMNH
1844.5.29(4). A. rupicola Verrill, 1876: Kerguelen, Port

Jeanne d'Arc, BANZAREcollection 783, identified by

A.M. Clark (1962), SAM K15I2(62); Greenland

Harbour, BANZARE stn 54, BMNH 1965.8.5.251-

275(24); Rivett Ann, BANZARE stn 56a, BMNH
1965.8.5.276-281(6); Marion Island, De Villicr,

BMNH 1973.12.18.4-11(7); BMNH 1973.12.18.12-

15(4); Cabbage Point, G. Branch, in Macrocystis beds,

12 m, AMJ18135( 1 ); Transvaal Cove, G. Branch, in

Mucrocvslis beds, AMJ 181 36(1). A, suleri (de Loriol,

1894):
' New Zealand, Lyttelton, Suter, BMNH

1905.1.25.2-3(2); Bodley Head, Oliver. Mortensen's

Pacific Expedition. ZMUC(4); Banks Peninsula, Tay-

lors Mistake, E Bennett, BMNH 1952.11.18.4(2);

Stewart Island, BMNH86.11.18.12(1); Snares Island.

H.B. Fell, BMNH1952.4.16.19(1); Campbell Island,

Windlass Bay, 23 Jan 1980, AM .122902(2). A. laevi-

gata (Hutton. 1879b): Auckland Island. Port Ross. 25

Nov 1914. Mortensen's Pacific Expedition,

ZMUC(20); 26 Nov 1914(20); Figure 8 Island, 2 Dec
1914, Mortensen's Pacific Expedition. ZMUC(4);
Camley Harbour, Mortensen's Pacific Expedition. 29

Nov 1914(1): Masked Island, 30 Nov 1914,

Mortensen's Pacific Expedition, ZML'C(l); Cfozier

Point, H.B. Fell, BMNH1952.4.16.13(3); Tagua Bay.

Dawbin, Nov 1943. BMNH1952.11.18.3(1): Passage

Inlet, Dawbin, 24 Jul. 1943. BMNH1952.11.18.5-7(4);

Laurie Harbour, Discoven Expedition. BMNH
I905.7.14.6-9(many); Campbell Island, 26 Jan 1980,

AMJ22906(2): Campbell Island, Filhol, donated Paris

Museum 1877, ZMUC(1 );

Description of material. R to 60 mm. r to 17 mm.
Arms 5, dorsally convex, ventrally flat, widest at

base, tapering gradually to a blunt tip. Single

madreporite, third to half-way from centre to

interradial margin, small, sometimes inconspicu-

ous, often ringed by some spinelets. Anus incon-

spicuous, central. Ann furrows wide, 4 rows of

suckered tube feet.

Dorsal surface covered in thick pustular skin,

with clusters of papillae and scattered to clustered

low spinelets. Abactinal skeleton reticulate.

Abactinal spinelets capitate, sometimes truncate,

upper half spiniferous; of various sizes, 0.3-0.8

mmdia, 1-2 times as high as wide. Spinelets

largest, widest on disc and proximal arm surfaces.

Carinal plates in irregular, often sinuous row;

plates square, lobed, L-shaped or irregular in

shape, imbricating. Spinelet distribution variable.

Some specimens with regular transverse arcs of 3

spinelets on succeeding cannal plates, other spec-

imens more irregular with 1-7, often 1, spinelet

on each plate. Up to 7 dorsolateral plates linking

carinals and supcromarginals in irregular trans-

verse rows, sometimes in regular rows or com-

pletely reticulate; plates bar-like or irregular; 1-3

longitudinal linkages proximally, sometimes

forming longitudinal rows. &-
1 , rarely 2, spinelets

on dorsolateral plates, up to 6 present in total

between carinals and superomarginals.

Papular areas with clusters of 4-5 papulae in

centre, often forming regular longitudinal rows on

cither side of superomarginal plates, otherwise

areas scattered amongst the reticulate skeleton.

1-2 actinal papulae arc present between infero-

marginal plates.

Superomarginal plates longer than wide, 4-

lobed, long ventral lobe, shorter dorsal and lateral

lobes, dorsal lobe often not transversely aligned

with ventral lobe but displaced toward arm tip,

plates imbricate with surrounding dorsolateral,

superomarginal, inferomarginal plates. Supero-

marginal spinelets to 1.0 mm in height, 2-2.5

times as high as wide, 1-3 on each plate, 1-2

spinelets near dorsal lobe, 0- I smaller spinelets

on ventral lobe, rarely some additional very small

spinelets, dorsal spinelets form regtdar longitudi-

nal rows extending from disc to arm tip, ventral

spinelets sometimes form a less regular and less

extensive row. Inferomarginal plates form an acti-

nolateral margin to arm, wider than long, 4-lobed,

dorsal and ventral lobes shorter than lateral lobes,

prominent oblique spine-ridge present centrally.

Inferomarginal spines thick, capitate, slightly

curved, terminally spiniferous, 2-3, rarely 4, per

plate, 2.5 mmhigh, 3-4 times as high as wide,

aligned obliquely. Actinal plates bar-like, wider

than long, extend almost to arm tip, sometimes

2 series proximally, usually aligned with

inferomarginals. Actinal spines, usually 1 per

plate, sometimes 2 on proximal plates aligned

transversely, often confluent with, but smaller

than inferomarginal spines, on larger specimens

spine persists to arm tip. 8-10 adambulacral

plates to every 3 inferomarginals. Adambulacral

spines, one per plate, thinner than infero-

marginal spines, 2.5 mmhigh, 3-5 times as high

as wide. On each jaw 2 small oral spines, 2 larger

suboral spines, larger than nearest adambulacral

spines.

Straight pedicellariae present in arm furrows

and on jaw, valves with rounded tips, no teeth;

distribution variable, numerous to scarce. Crossed

pedicellariae present on dorsal side of infero-

marginals, near superomarginals and on lower

abactinal surface.
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Reproduction (from Simpson, 1982). Separate

sexes. Females brood their young from egg to

juvenile stage as a cluster under the disc. Eggs are

transferred to the brood in July and juveniles are

released in October- November. Females adopt an

arched posture to hold the brood.

Colour (live). Dorsal surface dark olive green or

green brown, sometimes mottled at arm tip,

spinclets pale, madreporitc white. Ventral surface

white, tube feet and tips of adambulacral spines

tan. Juveniles pink or orange, egg mass orange.

Habitat. Shore collectors have found this species

in sheltered and exposed sites, including intertidal

rock pools, rock gutters and boulders, and

amongst Durvillaea holdfasts. Divers (to 20 m)
have also found it on sheltered and exposed

rock surfaces, and amongst Macrocystis beds.

McKnight (1984) has reported one dredged

specimen from 55 m.

Distribution. Macquarie Island (0-55 m).

Remarks. The genus Anasterias presents consid-

erable difficulties for taxonomists. Many of the

nominal species are very variable and ill-defined.

There have been many disagreements about syn-

onymies, particularly regarding Magellanic and

Falkland Islands species (Fisher, 1940; A.M.

Clark, 1962; A.M. Clark and Downey, 1992).

Macquarie Island specimens are also very vari-

able in many characters. These include the shape,

density and distribution of abactinal spinelets; the

rigidity and regularity of the abactinal skeleton;

the nature of the abactinal integument, the num-
ber of infcromarginal spinelets; and the distribu-

tion of the various pediccllariae. Some characters

such as the shape of the arm, the density of the

skeletal plates and the pustular nature of the skin

can vary with preservation. Many of the charac-

ters arc difficult to quantify and do not lend them-

selves to traditional morphological analysis.

Koehler (1920) recognised two five-armed

species from Macquarie Island; Sporasterias

unturctica (Lutkcn, 1857) and Parasticha.ster

clirectus Koehler, 1920. Koehler (1920) did not

directly compare the two species, but the under-

standing of the two genera at that time, indicates

that they differed in the regularity of the abactinal

skeleton and the density of the abactinal spinelets.

Fisher (1923, 1930, 1940) subsequently syn-

onymised the genera Sporasterias Perrier, 1894

and Parastichaster Koehler, 1920 with Anaste-

rias, noting the continuous variation in these

features. All subsequent five-armed specimens

collected from Macquarie Island have been

referred to the species A. directa.

Two morphological extremes are recognisable

in the current large range of specimens that

correspond to Kochler's "species". One form

("antarciica") has an irregular abactinal skeleton;

a sinuous, irregular carinal series; and 1-2, occa-

sionally 3, carinal spinelets on each plate (pi. 2h).

These specimens are broadly similar lo the 1

1

extant specimens of S. antarciica identified by

Koehler (AM J3726). The other extreme

Cdirectd") has a more regular, strongly built dor-

solateral skeleton, often with regular longitudinal

rows of plates and spinelets (pi. 2g). The carinal

plates usually bear three spinelets in a transverse

arc, although plates with one or two spines are not

rare and other plates can have as many as seven.

These features are observable in specimens as

small as R = 2 mm. This form is similar to the two

extant syntypes off. directus. However, between

these extremes there are many variations. Carinal

plates with three spinclets can be present on spec-

imens with an irregular skeleton. Sometimes the

arrangement of carinal spines can vary on the

same animal. Moreover, as listed earlier, many
other features vary in a similar fashion in both

forms. There is no consistently observable

morphological characteristic that can be used to

satisfactorily separate the two forms.

Similar morphological differences exist within

material from the Magellanic region and from the

subantarctic Islands of New Zealand. The
extremes have been generally distinguished as

species. In the South American region, strongly

calcified specimens have been distinguished as

Calvasterias stolidota Sladen, 1889 or A. varia

Philippi, 1870 from the more commonA. antarc-

tica. A further form with a very weakly calcified

skeleton, represented in South America by A.

minuta Perrier. 1875, does not appear to exist at

Macquarie Island. A.M. Clark and Downey
(1992) have noted the variability of all the

Magellanic forms and record only A. antarciica

as representative of the group. Of the numerous
nominal species of Anasterias from South

America, only A. studeri appears to be readily dis-

tinguishable from A. antarciica, having numerous
long abactinal spinclets, triangular straight pedi-

cellariae, and a preference for deep water (< 100
m) habitats (Fisher, 1940; A.M. Clark, 1962;

A.M. Clark and Downey, 1992). A. antarctica is

recorded as being dark green in colour when alive

(Madsen, 1955) and broods its young in the typi-

cal arched posture. Specimens I have examined
have relatively few carinal and dorsolateral

spinclets and many specimens, unlike my
Macquarie material, have numerous crossed pedi-

cel lariae on the marginal and abactinal surfaces.
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In the subantarctic Islands of NewZealand, two

species are recognised: A. suteri with a regular,

strongly calcified skeleton and A. laevigata with a

more weakly calcified skeleton. A. laevigata is

similar to the Macquarie Island "antarctica"

form. Mortensen (1925) describes the abactinal

spination as being very variable, some animals

have an irregular single row of carinal spines and

1-2 irregular dorsolateral rows, others have no

carinal or dorsolateral spines at all, rarely a spec-

imen can have 2-3 carinal spines. This variation

is also present in some of the specimens 1 have

examined. The distribution of pedicellariae is also

very variable. Some specimens have numerous

crossed pedicellariae abactinally while others

have numbers of straight pedicellariae. Colour is

reported as dark green or grey-green with fawn

arm tips for adults, and orange for juveniles (H.B.

Fell, 1953). Brood juveniles are found between

August and November (H.B. Fell, 1953). A. suteri

on the other hand is clearly distinct having a

dense cluster of 4—8 spinelets on each carinal

plate. There is one, rarely two. longitudinal rows

of dorsolateral spines and 1-2 spines on the

superomarginal plates. The colour is fawn-brown

or grey-green; brood juveniles have been found in

October (H.B. Fell, 1953).

At Kerguelen and Marion Islands, only one

five-armed form is recognised: A. rupicola Ver-

rill, 1876, which has an irregular abactinal skele-

ton. No five-armed Anasterias species have been

found at Heard Island. Specimens of A. rupicola

from Kerguelen are indistinguishable from the

"antarctica" specimens from Macquarie Island.

Specimens 1 have examined measure R=9-40 mm
and have a sinuous carinal series with 1-3

spinelets. Sometimes carinal spinelets can be

arranged in a transverse arc of three spines on at

least part of an arm, however, none approach the

regular arrangement of the "directa" specimens

from Macquarie Island. They have up to six dor-

solateral spines between the carinals and supero-

marginals, 1-2 spines on the superomarginal dor-

sal lobe and one on the ventral lobe, 2-4, usually

three, inferomarginal spines and one aclinal spine.

Two specimens collected in February are arched

with traces of brood juveniles around the mouth.

Specimens of A rupicola from Marion Island

appear to have relatively few spines. Specimens I

have examined have a single carinal spine, 2-3

dorsolateral spines between the carinals and

superomarginals, 1-2 superomarginal and 2-3

inferomarginal spines. Bcmasconi (1971)

recorded numerous "thick" abactinal spines from

his Marion Island specimens, including 3-4 dor-

solateral spines transversely. The carinal "lines"

were scarcely visible. Live colour is green or

orange (Branch et al., 1993). Females start brood-

ing eggs in June to August, young are released in

December-January although remnant young con-

tinue to be present as late as March; relatively few

females brood within a population (Blankley and

Branch, 1984).

The two forms from Macquarie Island could

represent two closely related perhaps hybridising

species or one polymorphic species. However,

there appears to be no obvious geographic, bathy-

metric or ecological premating reproductive iso-

lating mechanism now operating to separate the

two forms at Macquarie Island. There is an abun-

dance of morphological intermediates. The two

forms have been regularly found from similar

sites at the same location. Their reproductive

cycles are similar. In the absence of a clear mor-

phological distinction, and without molecular evi-

dence to the contrary, I am referring all the five-

armed Macquarie Island Anasterias specimens to

the single polymorphic species: A. directa. Given

this interpretation, this species differs from

A. antarctica, A. rupicola and A. laevigata by the

greater range of variation expressed in the number

and distribution of spinelets and the restricted

range of variation in the abundance of abactinal

pedicellariae. Probably A. directa, A. rupicola and

A. laevigata should only be regarded as infra-

specific regional forms of A. antarctica. It is clear

that traditional morphological characters are

insufficient to properly differentiate the various

laxa in this genus.

Anasterias mawsoni ( Koehler)

Plate 2i-k

Stichaster suteri. —Bcnham, 1909: 32 [non Calvaste-

rias suteri de Loriol, 1894].

Parasliehaster mawsoni Koehler, 1920: 91-97, pi.

xix ligs 1-8. pi. xx fig. 1, pi. xxi figs 1-6, pi. xxiii fig.

4, pi. xxiv fig. 5. pi. xxx fig. 5, pi. Ixiii fig. 2. —Rowe
andPawson, 1977: 345.

Parasliehaster sphoerulatus Koehler, 1920:

101-105, pi. xxi fig. 7, pi. xxiii figs 5-10, pi. xxiv figs

1 4, pi. Ixiii fig. 3, pi. Ixiv figs 1, 2.—Rowe and

Pawson, 1977: 347. [new synonymy]
Sporasterias mawsoni. —Fisher, 1930: 241 —

Bennett, 1971, pi. 56 fig. 1.

Sporasterias sphoerulala. —Fisher, 1930: 241.

—

Bennett, 1971, pi. 56 fig. 2.

Anasterias mawsoni. —A.M. Clark, 1962: 96.

—

Simpson, 1982: 41-43, figs 3, 4.— McKnight. 1984:

143.

Anasterias sphoerulala. —A.M. Clark. 1962:

96-97.— McKnight, 1984: 143.

Material examined. (Specimens marked * are typical of

the "sphoerulala" form). Macquarie Island, 10 Oct



I'M I . D. O'HARA

1913, AM.13638(4 syntypcs of P. mawsoni); Oct 1913,

AM J3637(2 syntypes of P. sphverulatus); Secluded

Beach, 19 Jan 1965, NMVF76177(l); 27 Nov 1989,

NMVF76186(7*); Garden Cove, 7 May 1949, NMV
176169(1); Dec 1959, NMVF45009(4 and brood); 15

Dec 1960, NMV F45013(l*); 13 Jul 1962, NMV
F7617K1*); 12 Aug 1962, NMV F76I75(I), NMV
F45109(l); 11 Feb 1964, NMV F76I88(2); 18 Jun

1967, NMV F76176(3): 25 Nov 1989, NMV
F76184(5*);26Nov 1989, NMVF76 185(1*); Buckles

Bay, 28 Dec 1948, NMVF76165(2); 16 Jul 1949, NMV
F76130(2), NMVF76164(2). NMV76162(1); 9 Feb

1950, NMVF76168(l),NMVF76181(2*);9Feb 1952,

NMVF76161(2); 8 Dec 1962, NMVF76170(7); 7 Dec

1986, NMVF76I80(1): Hasselborough Bay, 31 Mar
1950, NMVF76 182(1*); Aerial Cove, 28 Nov 1989,

NMV76187(6). AM 1977-1978 Expedition, Gorilla

Head Rock (9-12 m). MA-I42(2), MA-145(1).

MA-I46(5), MA-1480), MA- 149(11); Tortan Head.

Goat Bay (9-14 m), MA-39(I), MA-42(4*),

MA-369(i), MA-37K5), MA-374(5), MA-375(6).

MA-376(2 and brood); Tern Rock Bay (7- 10 m),

MA-35(5*), MA-37(2); Garden Cove (8-14 m)
MA-14(11*), MA-150*), MA-87(1*). MA-91(1),

MA-123(1), MA-124(I), MA-125(2*). MA-127(7),

MA- 128(6*), MA-379(4); Sandy Bay (9 in),

MA-224( 1*); Green Gorge (6-18 m), MA-245(4). MA-
247(6), MA-250(1), MA-251(2), MA-269(i),

MA-275(1), MA-291(2); Caroline Cove (8-13 m),

MA-298(2), MA-300(1), MA-306(2), MA-311(8);

Aerial Cove (0.5-6 in), MA-46(4), MA-47(20),

MA-50(3), MA-56(1), MA-83(8), MA-98(2),

MA-100(3), MA-102(6), MA-107(12*), MA-108(7),

MA-109(5 and brood), MA-1 10(5), MA-382(>24),

MA-383(2), MA-386(I7), MA-388(7), MA-389(4);

Anchor Rock (13-20 m), MA-89(3*), MA-90(6*).

Heard Island, Atlas Cove, shore, 28 Dec 1929, BAN-
ZARE stn. 19, identified by A.M. Clark (1962) as A.

splwerulatus, SAM K 15 15(2*); 19 May 1949, NMV
F76125G); 11 Sep, 1949, NMVF761270 juv); 16 Jan

1950, 30 m, NMV F76I24(2); 3 Jul 1950, NMV
F76I 29(9 juv); 16 Aug 1950, NMVF73886(ll); 19

Dec 1951, NMV F76I28(1); 28 Jan 1952. NMV
F76179( 1 ); 8 Feb 1952, NMVF76126( I ).

Comparative specimens examined. A. perrieri (Smith,

1876): Kerguelen, Bras Bossiere, 4 rn, BANZAREstn

7,SAM K1497(12); BANZAREcollection 712, 9 m, 10

Nov 1930, SAMK. 1 508(1).

Description of Macquahe Island material. R to

62 mm, r to 15 mm. Arms 6, dorsally convex,

ventrally flat, widest at base, tapering gradually to

a blunt tip. Single madreporite, half to two-thirds

from centre to intcrradial margin, small to large,

sometimes inconspicuous, sometimes ringed by

some spinelets. Anus inconspicuous, central. Ami
furrows wide, 4 rows of suckcred tube feet.

Dorsal skin thick and pustulate. Abactinal

skeleton reticulate. Spinelets capitate, sometimes

truncate, upper half spiniferous; often polygonal

in cross section if in contact with adjacent

spinelets; size variable, 0.4-1.1 mmdia, 1-2

times as high as wide; spinelets largest, widest on

disc and proximal arm surfaces. Spinelets

arranged in rows around aboard papular areas.

Carinal plates form recognisable longitudinal

row down arm; plates irregularly quadrilobed or

rhombic, broadly imbricating. Spinelets distribu-

tion variable, from being densely clustered on

plates, wilh up to 13 spinelets in 5 longitudinal

rows, to scattered with as few as 2-A discrete

spinelets. Dorsolateral skeleton variable, from

strongly calcified with block-like imbricating

plates to weakly calcified with thin bar-like or

trilobed plates; forming transverse rows of up to 7

plates between carinals and superomarginals;

forming 1-3 longitudinal rows, the row nearest

the carinals most distinct; sometimes reticulate

proximally. Dorsolateral plates with 0-3. usually

1-2, spinelets on raised section of plate: forming

uni- or biserial rows transversely, with up to

12 spinelets present between carinals and

superomarginals, forming irregular rows

longitudinally.

Papular areas with clusters of 4-8 papulae,

single actinal papulae present between

inferomarginal plates.

Superomarginal plates from as long as to longer

than wide, irregularly quadrilobed, long ventral

lobe, shorter dorsal and lateral lobes, plates imbri-

cate with surrounding plates. Superomarginal

spinelets to 1 .0 mmin height, 2-2.5 times as high

as wide, 2-7, usually 2-3, per plate. Infero-

marginal plates forming actinolateral margin to

arm, as wide as long, lobed, prominent oblique

spine-ridge present centrally. Inferomarginal

spines thick, capitate, slightly curved and termi-

nally spiniferous or occasionally flattened and
Oared; 2-5, usually 3~4, per plate, 2.5 mmhigh,

2.5-4 times as high as wide. Actinal plates bar-

like, wider than long, extend past half R, some-
times 2 series proximally, usually aligned with

inferomarginals, with one spine, often confluent

with, but smaller than inferomarginal spines. 6

adambulacral plates to every 2 inferomarginals.

One adambulacral spine per plate, thinner,

smaller than inferomarginal spines, 2.5 mmhigh,

4-5 times as high as wide, often club-shaped. On
each jaw 2 oral and 2 suboral spines; oral spines

often short.

Straight pedicellariae present near mouth, in

disc interradius, in arm furrows and amongst
inferomarginals; size and distribution variable,

sometime very numerous or scarce; some valves

widened and truncate at tip; minority (typically

1 %) 3-valved, with additional small valve pre-

sent at right angles to 2 primary valves. Crossed
pedicellariae present marginally and dorsally.

sometimes in high numbers.
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Reproduction. Macquaric Island population with

separate sexes. Females brood juveniles under

their discs by adopting an arching posture. Broods

with up to 296 juveniles. Eggs mature in gonad

from July to December until the eggs reach 2.0

mmdiameter. Eggs are usually transferred to the

brood in January-Febuary and released in

May-June (Simpson, 1982). Two specimens

in the present collection have brood juveniles

in December and January.

Colour. Live Macquarie Island specimens orange,

tan, dark brown, purple or green on dorsal sur-

face; spinelets and papulae often paler or different

colour; dark stomach caeca visible beneath skin

on smaller specimens. Ventral surface cream or

white, spines pink or grey, tube feet tan.

Habitat. Present on rock platforms under boul-

ders, or in rock gutters, and subtidally (2-20 m)

on sheltered sponges-bryozoan mats, on Codium.

or under Macrocystis. McKnight (1984) reported

several dredged specimens from 357 m.

Distribution. Heard Island (0-30 m); Macquarie

Island (0-357 m).

Remarks. The six-armed Macquarie Island speci-

mens of Anasterias are as variable as the five-

armed specimens described above under A.

directa. The dorsal skeleton varies from being

strongly calcified, with block-like plates and a

dense covering of polygonal spinelets (pi. 2k), to

a more open structure with thin bar-like plates and

relatively few discrete rounded spinelets (pi. 2j).

The former specimens were described by Koehlcr

(1920) as P. sphoerulatus and the latter as

P. mawsoni. However, there are numerous inter-

grades between these extremes. Koehler's other

distinguishing character for A. sphoerulatus, the

unusual three-valved pedicellariae, are present on

most specimens. The different colour forms do

not correlate with skeletal structure or spinelet

density. Consequently, 1 refer A. sphoerulatus to

the synonymy of A. mawsoni.

This species is also common from the littoral of

Heard Island. Heard Island specimens show a

similar range of variation in the skeleton and

spinelets. They also have some three-valved pedi-

cellariae. A.M. Clark (1962) noted the reduced

actinal series on BANZARE specimens from

Heard Island. This is also a variable feature.

Several specimens from Heard Island (NMV
F73886) have a well developed primary actinal

scries extending to the arm tip, and a second

series proximally.

The only other six-armed Anasterias species

is A. perrieri (Smith, 1876) from Kcrguelen.

This species appears to occupy a similar ecologi-

cal niche at Kerguelen (McClintock, 1985) as A.

mawsoni at Macquarie Island, but it differs from

A. mawsoni in having thinner and less numerous

spinelets. Specimens of A. perrieri that 1 have

examined have no three-valved pedicellariae.

A. mawsoni is not merely a six-armed form of

A. directa. Besides the differing number of arms,

the two species differ in the density of the abac-

tinal spinelets, the colour, and the absence in

A. directa of three-valved pedicellariae. There is

also a time difference of four months between the

peak release of brooded young for each species

(Simpson, 1982).

Class Ophiuroidea

Key to Macquarie Island Ophiuroidea

1

.

Disc and arms covered in thick skin concealing any underlying plates or

scales unless dried. Anns cylindrical in cross section. Oral papillae and teeth

expanded with glassy toothed margin Ophiomyxa sp.
a

Disc and arms not obscured by skin, although cover of spines may be pre-

sent. Arms somewhat flattened in cross section 2

2. 2 squarish papillae at apex of each jaw 3

1 papilla at apex of each jaw (occasionally an additional oral papillae apical

in position, but never 2 squarish papillae) 5

3. 2 low oral papillae on side of each jaw in addition to apical ones, distalmost

papilla 2-3 times as long as proximal one Amphipholis squamata^

1 distal oral papilla on each side of jaw, separated from apical one by wide

gap 4

4. 6-7 arm spines, lowermost spine considerably longer than the upper spines.

Ventral disc surface covered in scales Amphiura magellanica

4 subequal arm spines. Ventral disc surface naked near oral shields

Amphiura cf. angularis c

5. Arms inserted laterally into disc and firmly fused to it. No disc spines 6

Arms inserted ventrally under the disk, disk margin overlying base of arm .. 9
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6. Dorsal arm plates fragmented into 2 lateral plates and several smaller pieces

in between. No arm comb Ophioplocus incipiens

Dorsal ami plates entire. Ann comb present 7

7. Disc covered by large circular scales surrounded by smaller plates. 3 minute
arm spines, difficult to see Ophiurolepis inornata d

Not as above 8

8. Distal arm spines with upturned hook-like ends. Small accessory plates lat-

eral to each proximal ventral arm plate .... Ophiura (Ophiuroglypha) irrorata

Arm spines simple and pointed. No accessory ventral ami plates

Ophiura (Ophiura) meridionalis
9. Dorsal disc plates bordered by rows of spherical granules. Disc margin bor-

dered by row of elongate granules. Arms very slender .... Ophioleuce regulare
Disc plates naked or with spines, never with granules 10

10. Apical jaw papillae wider than long, rectangular or tricuspid. 6 arms. Ascx-
ually reproduces though fission Ophiactis hirta
Apical papillae longer than wide, usually pointed. 5 arms 1

1

1 1

.

Disc stumps large, cylindrical or club shaped, regularly covered by rows of
liny sharp thorns. Radial shields as wide or wider than long, not covered in
plates or stumps Ophiomitrella confertcf
Disk spines small, irregular or conical with terminal thorns. Bar-like radial
shields largely concealed by disc plates and spines (distalmost end may be
exposed)

, 12
12. Distalmost oral papilla widened. Tentacle scales half the size of the ventral

arm plate Ophiacanlha sollicita
r

Oral papillae subequal or proximal papilla slightly enlarged. Tentacle scale
almost as long as ventral arm plate Ophiucantha vilis

Notes on key:

a McKnight (1984: 144) recorded two specimens of an undetermined Ophiomvxa species from
Maequane Island ( 183 415 m). As McKnight pointed out, they share several characteristics of
O. brevirima H.L Clark, 1915 from New Zealand, including alternating arm spines. On one 7mmd.d. specimen I have examined (NZOI stn D6, 55°27'S, 158°31.5'E, 415 m), a larye
rounded upper arm spine is present on some arm segments in addition to the 2 smaller spines.
However, unlike O. brevirima the dorsal arm plates are entire, hell-shaped and contiguous. The
material is not adequate for a complete description.
1 McKnight (1984: 144) recorded one specimen of the cosmopolitan species A squamata
(Delia Chiaje, 1 828) from Macquarie Island ( 155 m).
c Two specimens of A. annularis Lyman, 1879 were recorded by McKnight (1984- 144) from
Macquarie Island (NZOI stn D6, 55°27'S, 158°31.5'E, 415 m). I have examined several spec-
imens and they broadly match Lyman's ( 1 882) description and figures (pp. 1 34-135, pi. XXIX
tigs 1-3) except that they lack tentacle scales. The disc is naked near the oral shields and
orange gonads are visible underneath. They are much smaller (2 mmd.d.) than Lyman's holo-
type (9 mmd.d.) and the lack of tentacle scales may be a juvenile character or an artefact of
preservation. Without a good growth series they cannot be positively identified. A annularis
has been recorded from Kerguelcn, Heard, Marion Islands, South Africa and New Zealand
However, not all these populations appear conspecific. Mortcnsen (1936) noted that specimens
from South Africa and Kerguelen are scaled on the ventral side of the disc. Branch et al. (1993)
have figured a specimen with very long arms. A thorough review is required
6 McKnight (1984: 145) recorded one specimen of the widespread deep-water species
O. mornata (Lyman, 1878) from the south of Macquarie Island (NZOI stn D^ S6°40 6'S
158°45.5'E, 1280 m).

' * T '
a '

e McKnight (1984: 144) recorded 3 specimens of O. conferta (Koehler, 1922b) from the north-
ern Macquarie Ridge (NZOI stn D159, 49°0TS, 164°50'E, 741 m). O'Hara (199(> 299) has
recorded this species from off southeastern Australia, Antarctica and the Magellanic reeion
from 40-2340 m. b

1 McKnight (1984: 144) has recorded 28 specimens of O. solliciia Koehler, 1922b from two
NZOI stations on the northern Macquarie Ridge (NZOI stnsD17and D18, 52°3I'S 160°3I'E
124-128 m). The specimens from NZOI stn D17 have apparently disintegrated (P Anderson
pers. eomm.). Three specimens from stn D18 were examined and compared to the svntypes
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from off eastern Tasmania. The Macquarie Island specimens differ in having slightly smaller
disc spines (to 0.

1
mm, compared to 0. 15 mmfor the syntypes) which are absent ventrally and

wider ventral arm plates. More material is required to determine if the Macquarie Island
specimens represent a distinct species. O. hrachvgnatha H.L. Clark, 1928 from off south-
eastern Australia and NewZealand is also similar but has much thinner, moniliform arms and
smaller disc spines. O'Hara (1990: 295-296) noted the similarity of O. sollicila with the other
nominal species from the Atlantic.

Order Ophiurida

Ophiacanthidae

Ophiacantha vilis Mortensen

Plate 3a-c, Figure 4

Ophiacantha vilis Mortensen, 1924: 1 14-7 fig 7

H.B.Fell, 1952: 14.—H.B. Fell, 1958: 25.—McKnight
1967:308.

Ophiacantha pentagona. —Madsen, 1967: 59 —
McKnight, 1984: 144. [non O. pentagona Koehler,
1897]

Material examined. Macquarie Island, off Lusitania
Bay. 54°42.5'S, 158°54.5'E, 69 m, 5 Dec 1930, BAN-
ZARE stn 83, SAMK947( I ). AM1977-1978 Expedi-
tion. Tottan Head, Goat Bay (14 m), MA-371 AM
J22265(3), MA-376 AMJ22266( 1 ) and AM,122267(6);
Garden Cove (10-14 m). MA-123 AMJ22258( 1). MA-
124 AMJ22262U). MA-127 AMJ22259(l) and AM
J22260(4), MA-128 AM J2226K1), MA-379 AM
.122263(1) and AM .122264(4); Buckles Bay (15 m),
MA-141 AMJ22269( 1 ); Caroline Cove (8 m), MA-300
AM J22268(l); Aerial Cove (6 m). MA-388 AM
J22270(l). ANARE 1986 Expedition, BT3 NMV
F60293( I ), BT 1 NMV F60292( I ).

New Zealand. Cook Strait, 372 m, 13 Aug 1920,
ZMUC(syntype).

Comparative specimens examined. O. imago Lyman,
1878: Kerguelen, Christmas Harbour," 220 m
Challenger, BMNH1882.1 2.23.3 18(holotype).

Description of Macquarie Island material. Disc
1-7 mmd.d.. arms to > 20 mm. Disc covered in

thin imbricating scales, usually bearing 1 small
conical or cylindrical stump with 4-8 terminal
thorns. Radial shields concealed. Ventral disc

stumps smaller, less numerous towards oral

shields. Oral shields trapezoid, wider than long,

distal lobe often slightly produced. Adoral shields

long, narrow, slightly curved, meeting interradi-

ally, separated radially. Apical papilla leaf-like,

pointed, or irregularly widened on larger speci-

mens; 3, rarely 4, oral papillae, innermost largest,

flattened, leaf-like, outer papillae cylindrical,

blunt. Dorsal arm plates triangular with convex
distal edge, proximal plates just contiguous on
larger specimens, other plates separate. Second
ventral arm plate triangular, other plates roughly
pentagonal with convex notched distal edge,
proximal plates wider than long, plates separate

throughout. 6, rarely 5 or 7, thick, often finely ser-

rated, bluntly pointed arm spines, uppermost
spine longest, on proximal plates enlarged to 1 .5

times length of second spine, almost meeting over
dorsal midline, lower spines progressively
shorter, thinner. Tentacle scale large, almost as

long as ventral arm plate, flat, oval or truncate,

sometimes terminally thorny.

Reproduction. Viviparous, two specimens (5 mm
d.d, NMVF60292; 5.5 mmd.d., AM J22262)
with a juvenile in several bursae, other specimens
with large orange eggs.

Colour. Dorsal disc and arm surfaces brown or
tan, paler ventrally, white arm spines (in alcohol).

Habitat. Diver-collected specimens from Mac-
quarie Island have been found on rocks amongst
sponges, red algae, bryozoans and hydroids; one
specimen was found on coarse sand.

Distribution. Macquarie Island (6-433 m); New
Zealand (90-1 090 m); Chatham Rise (241-25 1 m).

Remarks. Close examination of the Macquarie
Island specimens has revealed that they are closer
in form to O. vilis of NewZealand rather than the
Indo-Pacific species, O. pentagona, to which they
have been previously referred. O. pentagona (as

described and figured by Koehler 1897 and,
1 922a) has minute tentacle scales and slender disc
spines with 3-4 long sharp terminal thorns
(Koehler, 1922a, pi. 93, fig. 5). In contrast, com-
parison of a syntype of O. vilis (4 mmd.d.) with
Macquarie Island specimens of similar size,

revealed no significant morphological differ-

ences. The syntype of O. vilis closely agrees with
Mortensen's (1924) description and figures,
except that the radial shields are widely separated
and disc spines relatively larger than shown on
the figures. Photographs of the syntype are repro-
duced here (pi. 3b, c). The tentacle scales are
large, often as long as, or longer than, the ventral
arm plate; there are 6-7 finely serrated proximal
arm spines and the disc spines are short stumps
with 3^1 terminal thorns. There is much variation
in the shape of the oral shields in the Macquarie
material, particularly in the degree of prominence
of the distal lobe. H.B. Fell (1952) has reported a
similar variation in NewZealand specimens.
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Plate 3. a, Ophiacantha vilis, dorsal view, NMVF60293; b, Ophiacantha vilis, syntype, dorsal view of disc,

ZMUC; c, Ophiacantha vilis, syntype, oral view of disc, ZMUC; d, Amphiura magellanica, dorsal view

(several arms broken), NMVF60294; e, Amphiura magellanica, ventral view (one arm missing), NMV
F60294; f, Ophiura irrorata, dorsal view (arm tips broken), NMVF60298; g, Ophiura meridionalis, dorsal

view of arm (arm tips broken), NMVF60297; h, Ophioplocus incipiens, dorsal view, NMVF60299;

i, Ophioleuce regulare, ventral view (arm missing from upper right), NMVF60314; j, Ophioleuce regulate,

dorsal view (arm missing from lower right), NMVF60314; k, Florometra austini, lateral view (several arms

broken, most cirri lost), NMVF60300.
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Figure 4. a-b, Ophiacantha vilis, NMVF60292: a, dorsal view of base of an arm and adjoining disc;

b. ventral view of arm base and adjoining jaws.

There are, however, differences in the reported

size, bathymetric distribution and reproductive

behaviour between the Macquarie Island and New
Zealand specimens. The Macquarie Island speci-

mens grow to 7 mm d.d., while the largest

reported New Zealand specimen is 4 mmd.d..

Several obvious growth changes occur in the

Macquarie Island specimens. Most notable is the

change in disc spines which are relatively shorter,

wider and with more thorns on large specimens.

Future research may find detectable differences

between Macquarie Island and larger New
Zealand specimens. The Macquarie Island form is

common in the upper subtidal zone (in fact it is

the only ophiuroid known above 20 m depth),

while the New Zealand form has only been col-

lected below 100 m. This species could prefer the

colder water which surrounds Macquarie Island.

Finally, the Macquarie Island specimens are

viviparous, while H.B, Fell (1958) states that the

NewZealand specimens are not. This again could

be due to the small size of the New Zealand

material. None of the present Macquarie Island

specimens under 5 mm d.d. show signs of

viviparity. Further evidence is needed to deter-

mine if the two populations should be separated

into distinct specific or subspecific taxa.

Another similar species, O. imago Lyman,

1878, has been recorded from Kerguelen, Marion

Island and New Zealand. Examination of the

holotype of that species (7 mmd.d.) revealed that

it differs from the Macquarie Island specimens in

having minute tentacle scales, widely separated

dorsal arm plates proximally, longer arm spines,

to 3 mmlong, and conspicuously thorny distal

arm spines. Otherwise it is very similar to the

Macquarie Island specimens, particularly in the

shape of the disc spines, and it is also viviparous.

It agrees closely with Lyman's (1882) description

and figures. Whether all the New Zealand speci-

mens referred to O. imago belong to that species

needs close examination. O. imago has not been

satisfactory separated from O. pentagona and

both share the same minute tentacle scale and arm
spine number. Very little data on the New
Zealand specimens has been published.
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Amphiuridae

Amphiura magellanka Ljungman

Plate 3d-e

Amphiura magellanica Ljungman, 1867: 320 —
Mortcnscn, 1924: 132, figs 14, 15a.— Madsen, 1967:
129.— McKnight, 1984: 144 [limited synonymy].

Material examined. Macquarie Island, off Buckles Bay.
54°30'S. 158°58'E, 15 m, 19 Oct 1983, NMV
F82954(4); off Lusitania Bay, 54°42.5'S, 158°54.5'E,
69 m, 5 Dec 1930, BANZAREstn 83, SAMK1038(4)'
ANARE 1986 Expedition, BT2. NMV F76I 12(1 );

BT3, NMVF60294(2); BT4, NMVF76222(3); BT5,
NMVF60295(l); BT7, NMVF761

1

1(7); BT8, NMV
F60296(2).

South America, Ticrra del Fuego, Discovery stn

1321, identified by Mortensen (1936), BMNH
1936.12.30.531-540(10). Gough Island, Discovery stn

399, BMNH 1936.12.30.521-530(12). Auckland
Island, Tagua Bay, identified by H.B. Fell (1953)
BMNH1952.11.18.31-32(6).

Comparative material examined. A. spinipes
Mortensen, 1924: New Zealand, Discovery stn 941,
BMNH1936.12.30.541-550(50).

Description of Macquarie Island material. Disc
2-6 mmd.d.. Disc scales small, 0.1-0.3 mmdia.

overlapping, flat. Radial shields, 0.2 times d.d., 5
times longer than wide, separated, divergent cen-
trally. Ventral disc scales smaller, persist until

oral shields. Oral shield rounded, usually wider
than long. Adorals separated radially and slightly

interradially. 2 large block-like infradental papil-

lae; distal oral papilla large oval flat, 2 times
higher than wide, larger than infradental papillae.

Dorsal ami plates rounded, slightly wider than
long proximally, triangular or fan-shaped distally,

contiguous. Ventral arm plates rectangular,

slightly longer than wide, contiguous. 6-7 ami
spines proximally, 4 distally. lowermost spine
enlarged, 1.6 mm, up to 3 arm segments in length,

slightly curved, second lowest ] segment" in

length, uppermost spines smaller, subequal, two-
thirds segment in length. Large oval tentacle

scale, half to two-thirds arm segment long.

Reproduction. Viviparous, juvenile arms emerg-
ing from some bursae of the Macquarie Island

specimens.

Colour. Dorsal disc surface grey, arms and
ventral surface tan (in alcohol).

Habitat. Macquarie Island specimens collected by
divers have been within Macrocystis holdfasts

(NMV F82954). Mortensen ( 1924)'collected New
Zealand specimens from under stones, amongst
algal tUrf, on sand and sandy mud.

Distribution. Southern South America, Falkland

Islands Gough Island (0-140 m); Macquarie

Island (15-450 m); New Zealand (6-20 m);

Auckland and Campbell Islands (0-90 m);

southern Australia (220-310 m).

Remarks. These specimens are typical of this

species and closely match Mortensen's (1924)

description and figures. They are also identical to

New Zealand and Atlantic specimens I have
examined. A. spinipes from NewZealand is mor-
phologically similar, differing only in its more
delicate appearance. Mortensen (1924) further

distinguished the two species by their repro-

duction, A. spinipes not being viviparous or

hermaphroditic.

A. magellanica has been assumed to have a cir-

cumglobal subantarclic distribution (Madsen,
1967). Mortensen (1924) suggested epiplanktonic

dispersal by drifting Macrocystis holdfasts. How-
ever, a close examination of its reported range
indicates that it has a disjunct mostly cool-

temperate distribution with two separate popu-
lations, the first around the southern tip of South
America and across to Gough Island in the South
Atlantic and the second in the Tasman region,

including New Zealand, Macquarie Island and
possibly southern Australia. The time required to

drift on the West Wind Drift current between
New Zealand and South America is over two
years making epiplanktonic dispersal unlikely
(O'Hara, 1998a). Another potential explanation
for this distribution is that it reflects vicariant

events associated with the break up of the ancient
continent of Gondwana (O'Hara, 1998a). How-
ever, it is also unlikely that two widely separate
populations would retain species integrity over
such a long time period and further research may
find that the two populations can be distinguished
on molecular or developmental grounds

Ophiactidae

Ophiactis hirta Lyman

Ophiactis hirta Lyman, 1879: 39. p|. 13 fj gs
365-367.— Lyman, 1882: 118-119, pi. 20 figs 4-6 —
Mortensen, 1924: 126, figs 12a-c— H.B. Fell 1958-
26.—McKnight, 1984: 144-5,

Material examined. Northern Macquarie Ridge
52°3FS. 160°31'E, 128 m, 23 Apr 1963, NZOI Stn
D18, NIWA(26).

Description of Macquarie Island material. DiscMmmd.d., arms 5 times d.d. Arms 6, often 3
arms regenerating following fission. Disc round
or pentagonal, disc plates coarse, no obvious pri-
mary plates. Radial shields small. D-shapcd.
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divergent proximally. Few to many small pointed

spines on dorsal disc surface. Oral shields

diamond-shaped, as wide as long; adoral plates

contiguous interradially. One triradialc apical

papilla, 2-3 oral papillae. Dorsal arm plate

broadly contiguous in larger specimens, rounded

distally. Ventral arm plates contiguous, as wide as

long, pentagonal with straight distal edge and

tapered proximal end. 4 amis spines, upper spine

only marginally larger than other; lower spines

with swollen thorny tip. Tentacle scale to half the

length of ventral arm plate.

Reproduction. The Macquarie material includes

specimens asexually reproducing through fission.

Division appears restricted to small specimens

under 2 mmd.d.. Division fragments have a disk

half and three arms. The other half of the disk and

three more arms regrow along the division line. It

is possible that one specimen has divided twice,

having one large, two medium and three small

arms. Larger specimens usually have six equal

arms. One aberrant specimen has five equal arms,

but is otherwise identical. A common disc

anomaly is a single large radial shield rather than

two smaller plates on a regenerated disc.

Colour. White in alcohol.

Habitat. Australian specimens are known from

rock and sand substrates (OTIara, unpublished

data).

Distribution. Northern Macquarie Ridge

(124-155 m); New Zealand and the Chatham
Rise (222-688 m); southeastern Australia

(160-770 m).

Remarks. These specimens are broadly similar to

specimens from southeastern Australia. They dif-

fer, however, in not having an obviously enlarged

upper arm spine, having thorny, swollen tips to

the lower arm spines, and slightly larger tentacle

scales. Fissiparity is rare in the Southern Ocean.

Of the fissiparous species listed by Emson and

Wilkie (1980), only the asteroid, Allostichaster

capensis (Perrier, 1875) is known from south of

40°S, occurring along the southern coast of South

America.

Ophiuridae

Ophiuru (Ophiura) meridionalis (Lyman)

Plate 3g

Ophioglvpha meridionalis Lyman, 1879: 56, pi. xvi

figs 447-449; Lyman, 1882: 40.

Ophiura meridionalis. —Mortensen, 1936: 330-332,

figs 44a-e, 45.— Madsen, 1967: 131.

Material examined. Macquarie Island, off Lusitania

Bay, 54°42.5'S, 158°54.5'E, 69 m, 5 Dec 1930,

BANZARE sin 83. SAM KI097(4). ANARE 1986

Expedition, BT3, NMVF60297(2).

Description of Macquarie Island material. Disc

3.5-5.0 mmd.d., arms 3 times d.d.. Disc plates

thin, imbricating, primary plates and 2 interradial

plates large, other plates small, 0.4 mmdia., 5

from centre to margin. Radial shields small, one-

sixth d.d., contiguous. Ami comb papillae small

flat rounded, usually contiguous over arm. Ven-

trally I, rarely 2, large plates on margin, 6-7

smaller plates. 1-2 pointed apical papillae, 3—4

smaller rounded oral papillae. Distal oral tentacle

pore with 3-5 inner, 4-5 outer tentacle scales.

Oral shields large, as wide as long, distal sides

rounded, proximally pointed. Adorals long and

bar-like, meeting interradially, separated radially

by large first ventral arm plate. Dorsal ami plates

fan-shaped, longer than wide, contiguous proxi-

mally, separated distally. Ventral arm plates twice

as wide as long, separated throughout. 3 short

subequal conical arm spines, 0.3 mmlong, third

segment long. First tentacle pore with 3 scales, 1

outer and 2 inner, second with 1 -2 scales, inner

scale small and rim-like, other pores with I scale

incompletely covering pore.

Reproduction. This species is viviparous and a

henn aphrodite; male and female gonad separate;

eggs 0.3-0.4 mmdia, 6-8 young in a bursa

(Mortensen, 1936).

Colour. White in alcohol.

Distribution. Off eastern South America

(1098 1890 m); South Georgia, Falkland Islands

(60-249 m); Antarctica, off Enderby, Kemp and

Princess Elizabeth Lands (193-1266 in);

Macquarie Island (69-135 m).

Remarks. The present specimens closely match

Mortcnsen's ( 1936) description and figures of this

species. O. meridionalis has an unusual distri-

bution. It has been found in the Antarctic and
Magellanic regions, but not at other subantarctic

locations besides Macquarie Island. The record of

O. meridionalis from off the Vcstfold Hills, East-

em Antarctica (Tucker and Burton, 1987, pi. 14,

fig. 30) is incorrect. The specimen (TM H1975) is

an Ophiomusiuni species.

Ophiura (Ophiuroglypha) irrorata Lyman

Plate 3f

Ophioglvpha irrorata Lyman, 1878: 73, pi. 4 BgS
106 108.— Lyman, 1882: 47 48, pi. 5 figs 7-9.

Ophiuroglypha irrorata. —Pawson, 1969: 52-54,

figs2e-f, 8-13.— McKnight, 1984: 145.
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Ophiura irmrata. Madsen, 1967: 130.

Ophiura (Ophbitoglypha) irrorala irroruia.

Patersoo, 1985; 123-124, figs 46, 47.

Material examined. Macquarie Island, ANARE 1986
Expedition, BT8, NMVF60298(6). Campbell Island,

58°07'S, 169'13'E, 526 m, NMVF52670(6).

Description of Macquarie Island material. Disc
6-9 mmd.d., arms (with broken tip) 3.5 times d.d.

Disc plates coarse, imbricating; primary plates

prominent; large circular plates to 1.1. mmdia.

exist midway to margin in each intcrradial and
radial axis; wide oval plates. 0.9 x 1.6 mm, are

present in each intcrradial margin; other disc

plates small, 0.3-0.6 mmdia. Radial shields an
irregular triangle or rectangle, contiguous dis-

tally, separated proximally by several disc plates,

to 1.8 mm long. Arm comb papillae short,

rounded, not contiguous dorsally over arm, dorsal

papillae longest. Genital slits extend from adoral
shields to disc margin, bordered by small papillae.

Oral shields roughly pentagonal, longer than wide
with acute proximal angle and rounded distal

edge. Adorals small, separated radially by first

ventral arm plate. 3 5 papillae on jaw apex, to 5

squarish papillae on each jaw side, smaller than
apical ones, distalmost papillae rarely widened.
Dorsal arm plates contiguous lor Iwo-thirds of
arm, Ian-shaped with rounded distal edges, as

wide as long proximally, narrower distally. Ven-
tral arm plates contiguous for first 3 4 plates, first

2 3 plates squarish, fourth plate triangular, others
widely separated, 2 3 times as wide as long.

Second oral tentacle pore opens into jaw slit,

elongate with 5 inner and 8 outer scales. Pores
decrease rapidly in size over the next 6 plates, 4
inner and 5 outer scales on first ami pore, 2 and 3
on next 2 plates, reducing to 1 scale. Small sup-
plementary plate on outer distal corners of arm
segments I 4. 3 small, peg-like arm spines, to 0.3

mmlong, dorsal spine little separated from other
two. Middle spine modi lied into upturned hook
on distal arm segments.

Reproduction . Unknown.

Colour. Tan in alcohol.

Habitat. Mud (Lyman 1882); rock (Pawson,
1969; McKnight, 1984).

Distribution. Cosmopolitan (71 5870 m);
Macquarie Island (71 450 m).

Remarks. These specimens are broadly similar to

those described by Pawson (1969) from New
Zealand, except that PawsoiTs specimens differ

in having supplementary arm plates that persist

until the arm tip and low widened distalmost oral

papillae. (). irrorala is a very polymorphic

species (Paterson, 1985) and these differences do

not appear significant. Six specimens from off

Campbell Island were examined for comparison

(NMV K52670). These are smaller (to 4.5 mm
d.d.), but similar to the Macquarie specimens and

also lack distal supplementary arm plates after the

fifth arm segment. Pawson (1969) noted that his

specimens could be distinguished from other

O. irrorala material by the coarseness of the disc

plates and may represent a new species. In many
ways the Macquarie Island specimens are similar

to O. tnundata (Koehler, 1906) (as described and
figured by Paterson, 1985) from the north

Atlantic. However, O. mundata has no supple-

mentary arm plates. Madsen (1967) noted that

O. irrorala is cosmopolitan in abyssal seas,

extending into the sublittoral in the Southern
Ocean.

Ophioplocus incipient (Koehler)

Plate 3h

Ophioeeres incipiens Koehler, 1922b: 48, pi. 84 figs

I 6, 13 14. Mortensen, 1936:307. H.B. Fell, 1961:

69, pi. la fig. 3, pi. 2a fig. 1, pi. 3 fig. 2, pi. 9 fig. 2.—
Madsen, 1967: 1 37. -Pawson and Rowe, 1977: 352.

—

Baker and Devaney, 1981, figs 3, 6-9.

Ophioplocus incipiens. —Thomas, 1975: 239 240.

Material examined. ANARE 1986 Expedition. BT6.
NMVF60299(l).

Description of Macquarie Island material. Disc 9
mmd.d., arms > 35 mm. Disc scales small, 0.25
mmdia, imbricating, 15 scales from centre to

margin, primary plates evident. Radial shields
small, 0.8 mmlong, oval, widely separated. Ven-
tral disc plates smaller, genital slit I arm segment
long. 4 oral papillae and 1 underlying oral ten-

tacle scale on jaw edge. Trapezoid oral shields,

adorals meet interradially, separated radially by
small first ventral ami plate. Dorsal arm plates
fragmented, proximally into 2 large outer frag-
ments separated by 2 3 smaller central fragments,
distally the 2 larger fragments joined at the distal

end and 2-3 smaller fragments are confined to

proximal end. Ventral arm plates pentagonal, con-
vex distally. 2, sometimes 3. stout flattened
pointed arm spines, lowermost longest, half seg-
ment long, 0.6 mmlong. 2 tentacle scales, large
oval scale on lateral arm plate, smaller rim-like
scale on ventral arm plate.

Reproduction. Protandric

viviparous (Mortensen, 1936).

hermaphrodite.

Colour. Macquarie specimens (in alcohol) tan.



SYSTEMATICAANDBIOLOGYOF MACQUARIEISLAND FCIIINODFRMS 203

H.B. Fell ( 1 961 ) recorded live colour as blue-grey

or purple disc with cream or pinkish-yellow arms.

Habitat. Polyzoa (H.B. Fell, 1%1)

Distribution. Antarctica, off Enderby, Mac-
Robertson, Princess Elizabeth, King George V
Lands, Ross Sea (110-603 m); South Georgia,

South Shetland, Clarence Islands (60-342 m);

Macquarie Island (25-29 m).

Remarks. The discovery of O. incipiens at

Macquarie Island is surprising as it has been pre-

viously reported only from Antarctic waters. A
closely related species is found in the subantarctic

islands of New Zealand. This was originally

referred to O. huttoni (Farquhar, 1899) but Baker

and Devaney (1981) restricted the known distri-

bution of O. huttoni to the northern island of New
Zealand, recognising O. marginata (I LB. Fell,

1953) as the southern and subantarctic New
Zealand species. Baker and Devaney (1981) dis-

tinguished O. marginata from O. incipiens by the

shorter arms, only twice d.d., and the relatively

simple pattern of dorsal arm plate fragmentation.

Ophioleuce regulare (Koehler)

Plate 3i j

Ophiopvren regulare Koehler, 1901: 26, pi. VIII figs

52-54.

Ophiopvren regularts, Madsen, 1967: 129.

—

McKnight, 1984: 145.

Ophioleuce regulare. —Madsen, 1983: 45 48, figs

7a-g [full synonymy].— O'Hara, 1990: 293 294.

Material examined. Macquarie Island, off Lusilania

Bay, 54°42.5'S, 158°54.5'E, 69 in, 5 Dec 1930, BAN-
ZARF. stn 83, SAM<13). ANARE 1986 Expedilion,

BT4, NMVF6()314(I).

Description of Maccptaric Island material.

1.5-5.0 mmd.d., arms delicate, slender, mostly

broken, approx. twice d.d., triangular in cross sec-

tion. Disc slightly convex dorsally, venlrally flat

or concave; plates large, 0.6 mm long, mostly

bordered by 1 4, usually 2, rows of spherical

granules; margin tapers to sharp edge, bears

several rows of elongate pointed granules. No
granules ventrally. Oral shields pentagonal, as

wide as long, distal edge overlain by ventral disc

plates. Adoral shields contiguous interradially,

separated radially by ventral arm plates. 1 elon-

gate pointed apical papilla, 5 7 oral papillae,

inner elongate, others low flat rounded, distal I 2

papillae function as outer scales of second oral

tentacle pore, opposed by 1 2 inner scales on first

ventral ami plate. Dorsal ami plates with convex

distal edge, contiguous proximally, some slightly

earinatc. Ventral arm plates rhombic or triangular,

contiguous until just outside disc margin. 2 small

pointed arm spines. Proximal tentacle pores elon-

gate with 1-3 inner and 1-2 outer scales, distal

pores round with 1 flat oval scale.

Reproduction. Sexes separate (Mortensen, 1936).

Colour. White in alcohol.

Habitat. Mortensen (1936) speculated that this

species lives attached to stones or other hard

substrates.

Distribution. Circumpolar Antarctica (100-

900 m); South Georgia (160 m); Macquarie

Island (65 438 m); southeastern Australia

(770 841 m).

Remarks. The present specimens closely match

the full description given by Madsen (1983).

Class Eehinoidea

Key to Macquarie Island Eehinoidea

1. Primary spines numerous, secondary spines similar but shorter and evenly

distributed over the test Pscudechinus novaezealandiae

Primary spines few and very large, secondary spines much smaller,

distributed in wreathes around the primary spines and in rows up the

ambulacra 2

2. Apical primary spines with prominent basal and terminal discs

Goniocidaris parasoP

Apical primary spines with small terminal cup-like discs and basal spurs

Goniocidaris umhraculunr x

Notes on key:

8 Two eidaroid eehinoids have also been reported from near Macquarie Island. Pawson ( 1968a:

13-15, fig. LI) and McKnight (1984: 145) recorded Goniocidaris uinbraciiliiin (Hutton,

1879a) from the northern Macquarie Ridge (NZOI stns DI7 and DI8, 52°3ES, I60"31'E,

124-128 m, 23 Apr 1963). F.J. Fell (1976) recorded Goniocidaris parasol H.B. Fell, 1958
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from Ellanin Cruise 16, stn 1411 also on the northern Macquarie Ridge (5I°00'S, I62°01 E,

333-371 m, 8 Feb 1965). G. parasol is distinguished from G. umbraadum by the presence of
basal and terminal discs on the apical primary spines. On the holotype of G. parasol (see H.B.
Fell, 1958: 32-34, pi. 3 fig, b, pi. 5 fig. b) these discs are very large and join together to form
a complete shielding system over the aboral surface. However, F.J. Fell (1976) found that not

all specimens have terminal discs and that basal discs do not develop until a horizontal dia-

meter of 20 mmis reached. As Pawson's (1968a) specimens were small, < 19 mmdiameter
(McKnight supplied no data for his specimens), it cannot be determined if one or two species
of Goniocidaris occur around Macquarie Island. F.J. Fell (1976) also records both species and
the similar species "Austrocidaris" pawsoni McKnight, 1974 and Ogmocidahs benhami
Mortensen, 1921 from the subantarctic islands of New Zealand. Both G. parasol and
G umbraadum are known to brood their young (Barker. 1984).

Order Temnopleuroida

Temnopleuridae

Pseudechinus novaezealandiae (Mortensen)

Plate 4a-b

Notechinus novaezealandiae Mortensen, 1921: 153,
pi. 6 figs 7-10, pi. 7 figs 4, 5, 7-1 1.—Koehler, 1926:

36, pi. 54.

Pseudeehimis novaezealandiae. —Mortensen, 1 943'

237, figs 117-1 18, 120b, 121b, 126c—Pawson, 1968a:
15-16, fig. 1(2).— Bennett, 1971, pi. 56, fig. 5.—
Simpson, 1982: 50.—McKnight, 1984: 145.

Material examined. Macquarie Island, Garden Cove
1957, NMVF60309(l); 14 Jul 1963, NMVF603I0

(1); 5 May 1965, NMVF60311(l): opposite Gadget
Gully, 1 Jul 1962, NMVF60312(l). ANARE 1986
Expedition, BT2, MNV F60304(6); BT3. NMV
F60302(4); BT4. NMV F603()5(3): BT6, NMV
F60303O); BT10, NMVF60301(3). AM 1977-1978
Expedition, Gorilla Head Rock (9 m), MA-148G);
Tottan Head, Goat Bay (14 m), MA-371(2),
MA-3740). MA-375(3); Tern Rock Bay (10 m).
MA-37(1); Garden Cove (8-14 m), MA-14(3);
MA-87(4), MA-123(1), MA-124(3), MA-1250)
MA-127(2). MA- 128(11), MA-379(2); Sandy Bay (16
m), MA-24K6); Green Gorge (0.5-18 m),
MA-24500), MA-2460), MA-247(II). MA-248(1).
MA-25K11), MA-2670), MA-281(1). MA-29IM).
MA-2920), MA-294(4); Caroline Cove (13 m),
MA-306(3); Aerial Cove (5 m), MA-52(2). MA-107( I ).

Eltanin Expedition, 54° 31.0'S, 159° 00.0'E. 1 10m, 12
Feb 1965, cruise 34 stn 2215, USNM(l).

Description of Macquarie Island material. Hori-
zontal diameter to 51 mm, 36 mmhigh. Test
shape hemispherical, oral side flattened, circum-
ference round, slightly sunken perisome. Spines
short, to 7 mm, coarse and dense; not curved at

perisome. Primary ambulacra) spines form regu-
lar series, their tubercules sometimes confluent.

Secondary spines, their tubercules half diameter
of primary spines, form longitudinal rows in

median area, and also present among pore pairs.

Interambulacral areas closely covered in spines,

some secondary tubercules almost as wide as

primary ones, forming 1-2 rows inside each pri-

mary series. Apical system small, one-sixth test

diameter, plates closely tuberculate. Ocular 1

insert, other oculars exsert. Pcriproct oval, anal

opening posterior. Complete circle of larger

plates border pcriproct. smaller elongated plates

border anal opening. Perisome naked. 2 types of
globifcrous pedicellariae, larger ones with short

robust valves, with 1-3 teeth on each side, smaller

ones with 1 tooth on each side. Tridentate pedi-

cellariae small inconspicuous, valves with narrow
serrated edges.

Reproduction. Separate sexes, female gonads
large, with numerous small eggs (0.08-0.1 mm).
The larval stage is probably planktonic
(Mortensen, 1921; Simpson, 1982).

Colour. Macquarie Island specimens (live) with
grey, green or brown test, dark green spines, with
white, grey or occasionally violet tips.

Habitat. On Macquarie Island it is found rarely by
shore collectors in deeper rock pools or as beach
drift. Divers (2-20 m) have found it mainly on
sponge-bryozoan mats, sheltered rock surfaces, or
sometimes amongst the holdfasts of Desmarestia
and Macrocystis. Commonin dredged samples to
433 m. Pawson (1968a) recorded this species
from rock and sand substrata.

Distribution. South Island of New Zealand
(0-100 m); Auckland, Campbell, Bounty and
Antipodes Islands. Campbell Rise (0-306 m);
Macquarie Island (0.5^133 m).

Remarks. P. novaezealandiae is the most com-
mon echinoid from Macquarie Island as well
as southern New Zealand (Pawson, 1968a).
P. marionis (Mortensen, 1936) from Marion
Island, Kerguelen and Gough Island differs in
having slender white spines, a white or greenish
test, and much larger suranal plates than
P. novaezealandiae. P. magellanicus (Philippi,
1857) from the Magellanic region and Tristan da
Cunha has a red test and spines.
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Plate 4. a, Pseudechinus novaezealandiae, lateral view, NMVF60309; b, Pseudechinus novaezealandiae,

lateral view of test, NMVF60312; c, Psoitis neozelanicus, dorsal view, NMVF60306; d, Taeniogyrus

dunedinensis, NMVF77775; e, Pseudopsolus macquariensis, lateral view, NMVF76189; f, Trachythyone

macphersonae, dorsolateral view, NMVF761 13; g, Pseudocnus laevigatus, dorsolateral view, NMVF761 1 8;

h, Trachythvone nelladana, holotype, dorsal view, NMVF83072; i, Trachythyone nelladana, holotype,

ventral view, NMVF83072.
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Class Holothuroidea

Key to Macquarie Island Holothuroidea

1

.

Tube feet present 2
No tube feet 9

2. 10 dendritic (branched) tentacles; shallow water and shelf species 3— 15-20 disc, quadrilobed or shield shaped tentacles; bathyl species 8
3. Tube feet mostly absent from the dorsal surface (1-2 may be present

anteriorly), ventral sole present 4
Tube feet commonon dorsal surface 6
Dorsal surface covered in thick leathery skin, few ossicles, pedicles in 3
rows on all ventral radii Pseudopsolus macquariensis
Dorsal surface covered by imbricating plates or scales. Midventral radius
without tube feet except at each end or rarely in middle 5

5. Dorsal surface covered in large scales; up to 6.0 mmlong, body flattened,
mouth and anus dorsal in position Psoitis neozelanicus
Dorsal surface covered in imbricating plates (0.3-0.5 mmlong); mouth and
anus anterior/posterior in position Trachythyone nelladana sp. nov.

6. Tube feet scattered on dorsal surface, not restricted to radii

Trachvthvone niacphersonae
Tube feet restricted to radii .„.„ 7

7. Cup ossicles present, ventral pair of tentacles reduced in size

Ocmis calcareus a

Cup ossicles absent, plate ossicles "pine-cone" shaped, denticulate end con-
stricted into definite neck. 10 equal sized tentacles Pseudocnus laevigatas

8. Body soft; 15 disc shaped tentacles, dorsal papillae apparently absent; 'ossi-
cles concave wheels of 2 types, largest with 10 or more spokes and ventral
rods finely spinous along their length Laetmogone sp.

b

Body firm; 19-20 quadrilobed tentacles; pedicels restricted to double row on
posterior section of midventral radius; few scattered processes on expanded
dorsolateral margin of body; ossicles with 4 subequal elongate processes
"''"';,'

: Paelopatides ovalis c

Body flaccid; 20 shield shaped tentacles, tube feet in 2-4 rows on ventral radii,
dorsal surface with 6 rows of papillae; ossicles cruciform plates with 3^
bifurcated or perforated arms and central pillar Svnallactes challenger^
Wheels ossicles present; skin smooth or wrinkled but not papillate .,

;••""•; Taeniogvrus dunedinensis
Wheels rare or absent; anterior body wall with papillae Taeniogvrus sp.

Notes on key:

a McKnight (1984: 145) recorded the New Zealand species Ocmis calcareus (Dendy 1896)
(Cucumarndae: Dendrochirotida) from three NZOI stations off Macquarie Island (71-433 m)
1

1

have re-examined holothurians from one of the stations (D10) and found only three species :

Trachythyone niacphersonae, Pseudocnus laevigata, and Taeniogvrus dunedinensis As there
is no indication with the material whether it includes all McKnight's specimens further con-

','oT «5 'W"red of the existence of an Ocnus species from Macquarie Island. Mortensen
1925: 335) recorded O. brevidentxs (Hutton, 1872) from Macquarie Island but suspected that

the locality label was an error.
b A single damaged specimen of an undescribed Laetmogone species (Laetmoginidae: Elasipo-
dida) was collected south of Macquarie Island by the Eltanin expedition (56° 19 2'S 158°

p^m 3w2 m
'

U ?
,

eb l%5
'

CrUiSe 16
'

Stn 1422
<

identif >ed by M. O'Loughlin, USNM
L27630). This species also occurs on the seamounts south of Tasmania (M O'Louahlin ners
comm..) in depths of 1580-1700. s

'

pers '

C A/ n
£

1C f ecimen
<!

30 mmlon S> of P- ovalis (Walsh, 1891) (Synallactidae: Aspidochi-
rotida) has been recently trawled near Macquarie Island (54° 46 2'S 158° 42'E 930-815 m
17 Jan 1995 identified by M O'Loughlin, NMVF80184). This species is othe'rwise known
Irom bathyl depths (9 1-161

1 m) off the Andaman Islands in the Indian Ocean and east ofCape York in the Coral Sea (M. O'Loughlin, pers. comm
)
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d A single damaged specimen of S. challenger! (Theel, 1886) (Synallactidae: Aspidochirotida)

was collected off Macquarie Island by the Eltanin expedition (54° 3 J.O'S, 159° 00.0'E, 110 m,
12 Feb 1965, cruise 34, sin 2215, identified by M. O'Loughlin, USNME47579). This species

also occurs off Crozet, Marion and Prince Edward Islands (237-600 m) (Massin, 1 992) and off

Order Dendrochirolida

Psolidae

Psoitis neozelanicus Mortensen

Plates 4c, 5a-b

Psoitis neozelanicus Mortensen, 1925: 362-363, figs

44, 45.—Pawson, 1970: 28.

Psoitis antarcticus. —Pawson, 1968a: 19-21, fig.

2(1-4).— McKnight, 1984: 145.—O'Hara, 1998a: 146.

[non Psoitis anlareticus (Philippi, 1857)]

Material examined. Macquarie Island, ANARE 1986

Expedition. BT2. NMV F761 17(1); BT3, NMV
F60306(9). Eltanin Expedition, 54° 30.0'S, 158°

59.0'E, 112-124 m, 15 Feb 1967. cruise 27 stn 1974.

USNME33647( 1 ).

New Zealand, 2 miles east of North Cape, 102 m,

2 Jan 1915, Mortensen, ZMUQ2 syntypes of P.

neozelanicus).

Description of Macquarie Island material. Up to

50 mmlong, 40 mmwide, 10 mmhigh; body

flattened, limpet-like, mouth and anus dorsal,

mouth highest point, tapering on all sides to thin

sharp margin. Tentacles 10, ventral pair smaller,

dendritic. Anus and mouth each with 5 large tri-

angular valves. Dorsal surface covered in large

imbricating scales. Several rows of smaller scales

surround margin, mouth and anus, and lie

scattered between larger scales. No dorsal tube

feet. Conspicuous flattened ventral sole with 2

rings of tube feet, those on outer ring (on margin

of larger specimens) are small and sparse, those

on inner ring (several mmfrom margin) are larger

and form biserial or zigzag row; few tube feet at

each end of midventral radius on larger speci-

mens. Calcareous ring plates robust with concave

posterior edge and slender anterior process; 1

polian vesicle

Dorsal ossicles large multi-layered perforated

scales up to 6.0 mmlong (body length 38 mm), to

2.5 mmlong on smaller specimens (body length

12 mm). Scales with several small grain-like pro-

jections on the dorsal surface, 0.15 to 0.25 mm
wide, consisting of the same multi-layered frame-

work as the scale body. No cups. Ventral ossicles

scattered knobbed perforated buttons. Buttons

with 4 large central holes and 4-20 smaller

peripheral holes, up to 30 scattered small

knobs, jagged margins, up to 0.11 mm long

(pi. 5a-b). Tube feet each with typical ventral

ossicles, slightly concave, up to 0.25 mmwide,

with up to 33 perforations. Tentacles with per-

forated plates of 3 types: 1 ) triangular shaped to

narrow/bent plates with numerous perforations

and denticulate margin, typically 0.16 mmlong;

2) flat irregular plates with 4-6 large perfor-

ations, typically 0.12 mmlong; 3) smaller finer

plates, square, slightly concave, numerous small

perforations, typically 0.08 mm long (digit

endpieces).

Reproduction. Sexes separate, gonads consisting

of numerous long unbranched tubules, gonopore

dorsal, posterior to mouth; numerous eggs in

female gonad tubules, average size 0.5 mmdia.

Mortensen (1925) reported egg sizes of 0.2 mmin

his small specimens.

Colour. Macquarie Island material (in alcohol)

brown or pale dorsal surface, pale sole.

Habitat. Several specimens (NMV F60306) were

found attached to dead shells of the scallop

Chlantys patagonica delicatula (Hutton); also

recorded from rock (Mortensen, 1925).

Distribution. New Zealand (102 m); Macquarie

Island (91-415 m).

Remarks. The Macquarie Island Psoitis material

appears conspecific with P. neozelanicus rather

than P. antarcticus as proposed by Pawson
(1968a). P. neozelanicus is only known from the

two small type specimens from North Cape, New
Zealand (length 7-10 mm). These specimens

have the same grain-like projections on the dorsal

scales as the Macquarie Island material. These
projections possibly function in a similar fashion

to cup ossicles. The types lack the small outer

tube feet, however this is also true of smaller

Macquarie Island specimens (< 13 mmbody
length) . The larger type specimen has lateral mar-

gins that are coiled ventrally giving the body an

atypical cylindrical shape, probably an artefact of
preservation (Mortensen, 1925). A similar body
form occurs on two small (9-13 mm length)

Macquarie Island specimens (NMV F60306).

P. antarcticus from the Magellanic region is

very similar except it appears to lack the small

grain-like projections on the dorsal scales;

instead its scales have been described as smooth
or very finely granulated (Theel 1886). Pawson
(1968a) distinguished P. neozelanicus from
P. antarcticus by the presence of several rings of
small dorsal scales surrounding the anus and



208 T. D. OTIARA

Plate 5. Holothurian ossicles, a-b, Psoitis neo:elanicus, NMV F60306, ventral knobbed plates; c-d,
Pseudopsohis macquariensis, NMVF76198, dorsal ossicles, showing incipient secondary network in centre
of plates; e-k, Trachythyone nelladana, NMVF77770: e, dorsal plate; f-g, plates from sole; h, dorsal cups,
view from above; i, dorsal cups, view from below; j, dorsal cups, view from side; k, tentacle ossicles;
l-o, Trachythyone macphersonae: 1, dorsal plate from juvenile, NMVF77772; m, dorsal plate and cup
(viewed from below) from adult, NMVF77773; n, dorsal cup from juvenile (viewed from above)NMVF77772; o, dorsal plate and cup (viewed from above) from adult, NMVF761 16; p-q, Pseudocnus
laevigata, NMVF76118, body wall plates; M, Taeniogyrus dunedinensis: r, sigmoid hook and wheels
from body wall, NMVF77775; s, tentacle ossicle with lateral process, NIWA; t, tentacle ossicles, NIWA-
u, Taeniogyrus sp., sigmoid hooks, AMJ22904.
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greater number of perforations on the sole

ossicles. However, these features vary in the

Macquarie Island material. Both species are

distinguished from related Australasian and
Southern Ocean species by the lack of a contin-

uous row of midventral tube feet and the presence

of only five large anal and oral valves (Pawson,

1968a).

Cucumariidae

Pseudopsolus macquariensis (Dendy)

Plate 4e, 5c-d

Psolus macquariensis Dendy. 1896: 41, pi. 7 figs

70-72.

Pseudopsolus macquariensis, —Pawson. 1968b:

143-144, fig. 1 [full synonymy]. —Pawson, 1970:

38.—Bennett. 1971, pi. 32.—Simpson. 1982: 45—48,

figs 7-9.

Material examined. Macquarie Island, Secluded Beach,

27 Nov 1989, NMVF76I89(3): Garden Cove, 5 Dec
I960, NMV F45003(I6); 12 Aug 1962, NMV
F76 190(3); 17 Jan 1964, NMVF76200(I0); 16 Jun

1967, NMVF76191(2); 14 Mar 1969, coll R.D. Simp-

son. AMJ8177( 12); 25 Nov 1989, NMVF76 192(9); 26
Nov 1989. NMVF76193(6); Buckles Bay, 7 Dec 1986,

NMVF60307(3 juv); 8 Dec 1986, NMVF60308(2);

Nugget Point, 15 Dec 1962, NMVF76194(l); Hurd
Point, 29 Jan 1964, NMVF76195(l): Bauer Bay. 27
Jan 1967, NMVF76196(3); Hasselborough Bay, 23

Aug 1962, NMVF76I97(8); Hasselborough Point. 24
Jan 1964. NMVF76I99(2); Aerial Cove, 28 Nov 1989.

NMV F76I98(5). AM 1977-1978 Expedition, Tern

Rock Bay (7 m), MA-35(1); Garden Cove (1-10 m),

MA-14(5), MA-356(33), MA-360(69); NE Buckles

Bay (intertidal ), MA-93(100); Green Gorge (inter-

tidal-0.7 m), MA-255(1), MA-256(2), MA-258(2).
MA-259(2), MA-2810), MA-282(5).

Description of Macquarie Island material. Up to

40 mmlong and 16 mmwide (AM .18177), body
barrel-shaped, with a tapered anus (unless fully

contracted), anus and mouth slightly dorsal ly

upturned. 10 equal tentacles, dendritic, each with

4 major bushes on pronounced stalk. Mouth in

centre of large oral disc. Introvert thick and mus-
cular. Dorsal body wall covered in thick smooth

leathery skin, dorsal radii sometimes visible. Con-
spicuous ventral sole, skin notably thinner than on

dorsum. Dorsal tube feet restricted to 1-2 small

ones on introvert. Ventrolateral radii with 1-3

rows of tube feet, outer row largest. Midventral

radii with 1-2 rows of pedicles, often tube feet in

each row placed alternately, in zigzag arrange-

ment. Pair of knotty protuberances are present

midventrally on specimens collected in late

winter-spring.

Dorsal ossicles perforated plates, varying in

density from scarce to abundant and overlapping,

typically 0.08-0.14 mm long, with 2^1 large

central perforations and smaller peripheral per-

forations, small knobs, sometimes coalescing into

secondary layers, margins denticulate (pi. 5c-d).

No tube foot or tentacle ossicles,

Reproduction. Macquarie Island material usually

with separate sexes, but with some specimens

showing successive hermaphroditism. Two com-
partmentalised brood sacs are present with an

opening to the exterior. Large eggs (to 1.8 mm
dia) develop in ovaries from December to June. In

May-June, eggs are transferred to the brood sacs,

possibly by an external process. Release of
juveniles occurs in late September-October,

apparently in a highly synchronised fashion

(Simpson, 1982).

Colour. Macquarie Island specimens (live) with

dorsal surface coloured light to dark brown, red-

dish or purplish; introvert, tentacles, anal cone

and sole sometimes paler. Brown spots some-
times present between tentacles.

Habitat. Lower intertidal pools and rock surfaces

(0-1 m). subject to wave action, sometimes
exposed at low tide; amongst Durvillaea hold-

fasts, sometimes on coralline algae or Codium.
Only two of the current 295 specimens were
collected from subtidal depths (7 and 14 m).

Distribution. Macquarie Island (0-14 m).

Remarks. This species is very common on rocky

substrates in the lower intertidal zone. The sole is

used to adhere strongly to the substrate and the

tentacles are extended into the surf. Pawson
(1968b) described internal anatomy in detail.

Simpson (1982) noted the pair of protuberances

which appear on the ventral body surface, near the

openings to the brood sacs, on specimens col-

lected during the juvenile release period in spring.

In this collection they are present in specimens
collected as early as August. Their function is

unknown.
P. macquariensis gruai has been described

from Kerguelen by Cherbonnier and Guille

(1975). Kerguelen specimens are similar to Mac-
quarie specimens in overall morphology and
habit. They appear to differ in having ossicles in

the tube feet and tentacles, and possibly in their

developmental biology. Cherbonnier and Guille

(1975) described the gonads as being vety long

and fine, with relatively few eggs measuring

1 |im in diameter. A record of P. macquariensis

from Stewart Island south of New Zealand is
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probably a locality error (Mortensen, 1925;

Pawson, 1970).

Pseudocnus laevigatus (Vcrrill)

Plates 4g, 5p q

Pentaetel/a laevigatas Vcrrill, 1876: 68.

Cucttniaria laevigata. —Ludwig and Mediae, 1935:

179 185, tig. 43.

Pseudocnus laevigatas. —Pawson, 1968b: 145, figs

2—11 [full synonymy]. —Bennett, 1971. pi. 56 fig. 6a.

—

Simpson, 1982:48.

Pseudocnus leoninoides. —Pawson, 1968a: 22. [non

P. leoninoides (Mortensen, 1925)]

Material examined. Macquarie Island, Garden Cove, 26
Dee 1965, 1. Bennett, det. Pawson, F45102(l); 26 Nov
1989, NMV F76119(l); off Buckles Bay, 54°30'S
158°58'E, 15 m, 19 Oct 1983, NMVF82953(8); Aerial

Cove, 28 Nov 1989. NMV P76I18(I); 54°40'S,

159"0I'E, 71 m, NZOI stn OI0. NIWA (3). AM
1977 1978 Expedition, Gorilla Head Rock (1 1-12 m),

MA-146(2); Tottan Head, Goat Bay (2.4-14 m),

MA-39(1), MA-41(1), MA-365(2), MA-37K9),
MA-374(11). MA-375(9), MA-376(16); Tern Rock
Bay (7 m), MA-35(6); Garden Cove (6 14 ill).

MA-14(2), MA-91(4), MA-123(1) MA-124(8),
MA-125(23), MA-127(5), MA-128(18), MA-350( 1 ),

MA-379(19); Sandy Bay (15 16 m), MA-237(2),

MA-24K57); Green Gorge (6 18 m), MA-245(7),
MA-247(8), MA-248(3), MA-25()(4). MA-251(3).
MA-267(1), MA-275(3), MA-289(1), MA-291(1),
MA-292(13), MA-294(7); Caroline Cove (8 18 m),

MA-298(7), MA-300(2), MA-306(3), MA-307(2),
MA-311(2); Handspike Point (intertidal), MA-136(2);
Aerial Cove (0-6 m), MA-46(2), MA-47(14),
MA-50(8), MA-54(2), MA-55( I ), MA-83(I2),
MA-85(65), MA-86(I), MA-98(I), MA-102(35),
MA-107(54), MA-108(I00), MA-109(12), MA-110
(30), MA-382(I0), MA-383( 1 ). MA-386(155). MA-
388(4), MA-389(15); Anchor Rock (13-20 m), MA-
89(21). MA-95(6). ANARh 1986 Expedition. BT2,
NMVF76I20(5): BT3, NMV1-76121(14); BT4, NMV
F76122(3); BT5. NMVF76123(2). Eltanin Expedition.

54°24'S, 159°01'E, 10 Feb 1965, 79-93 m, cruise 16,

sin 1417, USNME43134(5); 54°31.0'S, 159°()0.0'E,

18 Jun 1968, 1 10 m, cruise 34, stn 2215, USNM(1 ).

Description of Macquarie Island material. Body
cylindrical, up to 35 mmlong (preserved). Pre-

served material often bigbly contracted, with
body wall becoming thick and wrinkled or body
becoming twisted. 10 equal tentacles. Introvert

very long and thin when extended. Ventral and
dorsal body surface similar, no sole. Pedicels

restricted to radii, in 1-2 zigzag rows, extending

from anus to anterior end, including across intro-

vert. Body wall dense with small pine-cone

shaped ossicles (pi. 5p-q). Ossicles 0.08-0.15

mmlong, 0.075-0.14 mmwide, with 4-5 large

central and smaller peripheral holes, covered in

large knobs, one end attenuated and denticulate.

Denticulate end orientated externally giving body

surface a rough texture. Some rare x-shaped plate

precursors, 0.03 mmlong. Plates slightly smaller

venfrally. Introvert ossicles irregular perforated

plates, few knobs. Tube feet plates narrow and

bent, widened centrally and attenuated at each

end, large perforation in centre; end pieces

0.15-0.27 mmdia. Tentacle ossicles are 2 kinds

of perforated plates, irregular shapes, large plates

typically 0.2 mm long, occasionally knobbed,

smaller plates finer, 0.7 mmlong.

Reproduction. Sexes separate. Gonads short

unbranched tubules. Females with few eggs in

each gonad; Macquarie Island specimens with

eggs in November to 0.7 mmdia; Kerguelen

specimens with eggs in January to 1.4 mmdia

(Pawson, 1968b). Eggs transferred to brooding

sacs in November. A pair of brooding sacs are

attached on either side of the ventral midline in

the posterior half of the animal. The sacs are

invaginations of the body wall opening to the

exterior through a vestibule with a slit-like aper-

ture (Pawson, 196Kb). Brood juveniles in Decem-
ber measure 3 mmlong, with a few tube feet on
the radii, visible tentacles and scattered ossicles in

the body wall. Simpson (1982) found up to 93

young in the internal brood pouches of a speci-

men 35 mmlong from Macquarie Island (no date

supplied). Small juveniles are present in samples
from December to February, which may have
been free living or expelled from the brood sacs

during collection of adults.

Colour. Macquarie Island material (live) light

pink to orange-pink with distinct brown dots on
the tentacle trunks and at the bases of the pinnae.

Marion Island specimens white or orange
(Pawson. 1971).

Habitat. Macquarie Island: sublittoral, under
rocks or sheltering between encrusting sponges or

the green alga Coclium, within Macrocystis hold-

fasts, and rarely on sand. Can be locally numerous
under sheltered rock overhangs. Marion Island

specimens recorded from rock, gravel, sand and
sand with mud (Branch et al., 1993).

Distribution. Marion Island (0.5-240 m); Crozet,

Kerguelen, Heard Islands (0.5-275 m); Mac-
quarie Island (0.5-135 m). Theel (1886) recorded
one small specimen from 1023 msouth of Crozet
Island (as Cucumaria serrata var. marionensis).

Remarks. P. laevigatas is a polymoi-phic species
or species complex that has been reported widely
throughout the subantarctic. The shape of the
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ossicles can vary from the typical "pine-cone"

shape, present at Macquarie Island, to elon-

gated plates found on animals near Heard Island,

to being very irregular at Kcrguelcn (M.
O'Loughlin, pers. comm). Thcel (1886)
attempted to separate regional varieties of this

species (as Cucumaria serrata) but these have
been abandonned by later researchers. I lowever,
similar forms from South America and New
Zealand are known as P. perheri (Ekman,
1927) and P. leoninoides (Mortenscn, 1925)
respectively.

Pawson (1968a) recorded a single specimen of
P. leoninoides from NZOI station rj 18, 150 miles

NNE of Macquarie Island (52°3I'S, I60°31'E,

128 m, 24 Mar 1963, NIWA). Pawson (1970)
suggest that further material may reveal that the

Macquarie specimen represents a different

species. M. O'Loughlin (pers. comm.) who has
examined this specimen believes its affinities lie

more with P. laevigatas than P. leoninoides.

P. leoninoides is known from the rocky shallows
of Campbell, Auckland and the Snares Islands

and apparently differs from P. laevigatas in lack-

ing brood pouches (Mortensen, 1925). Material
referred to both P. laevigatas and P. leoninoides

requires revision.

Trathythyone macphersonae Pawson

Plates 4f, 51-o

Traehvthvone macphersonae Pawson, 1962: 47. pi. I

figs l-S— Pawson, l%8b: 147 149. figs 12, 13.—
Bennett. 1971, pi. 56 fig. 6b (upper figure is probably
P. laevigatus). —Simpson, 1982:48.

Material examined. Macquarie Island, Garden Cove, 26
Dec 1959, NMVF45001(holotype); Dec 1963, NMV
F76I 16(4); 12 Aug 1962, NMVF76II5(4); 25 Nov
1989. NMV F76I14(I); 26 Nov 1989. NMV
F76I 13(3); north coast, under rock in pool. Dec 1965,
I. Bennett, idem. Pawson, NMVF45 104(6): Buckles
Bay, 8 Dec 1986, NMVF77777(l); off Buckles Bay,
54°30'S, 158°58'E, 15 m, 19 Oct 1983, NMV
F82952(25): Aerial Cove, 28 Nov 1989, NMV
F761 10(5); 54"40'S, 159°0I'E, 71 m, NZOI stn DID,
N1WA(7), AM 1977- 1978 Expedition, Tottan Head,
Goat Bay (9 14 m), MA-369(1), MA-371(2).
MA-376(2); Tern Rock Bay (1-10 m), MA-34(1),
MA-35(6); Garden Cove (3-14 m), MA-92(5),
MA-350(2). MA-35408), MA-379(8); Sandv Bay
(15-16 m), MA-237(5), 241(45). 242(4); Green' Gorge
(0.5 18 m), MA-245(4), MA-247(2), MA-248(7),
MA-25K8), MA-267(2), MA-28I(6), MA-2920),
MA-294(I3); Caroline Cove (8-18 m), MA-300(4),
MA-306(8), MA-307(I), MA-31K2); Handspike Point

(intertidal), 136(4); Aerial Cove (0.5-6 m), MA-46(2),
MA-47(8), MA-50(3), MA-83(13). MA-85(2),
MA-98(1), MA- 1 02(1 06), MA- 1 08(26), MA- 109(1),

MA-1 10(10), MA-382(I4), MA-386(261 ), MA-387(4),
MA-388(18), MA-389(29); Anchor Rock (20 m),
MA-89(I3). ANARE 1986 Expedition, BT2, NMV
F77773(6), BT3, NMV F7777l(l), BT4, NMV
1-77772(3).

Description of material. Body (preserved) up to

65 mmlong, i() mmwide (AM stn MA-50). Body
cylindrical, 10 short dendritic tentacles, orien-

tated anteriorly, ventral pair reduced. Anus on
small posterior cone or taper, surrounded by 5

small valves and some small tube feet. Scattered

dorsal tube feet. Ventral tube feet slightly larger,

restricted to radii, in 2 rows midventrally, and 1-2

rows ventrolaterally, rarely with 3 rows. Ventral

skin thinner, distinct, no true sole. No tube feet on
introvert. Juveniles (3 mmd.d.) with 1 2 tube feet

on each ventral radius, few smaller tube feet

scattered dorsal ly.

Dorsal ossicles massed Hat perforated plates,

overlain by cups. Small specimens have large

plates to 0.3 mmlong (rarely to 0.37 mm) with

numerous knobs, up to 35 holes (pi. 51). Knobs
occasionally coalesce into incipient secondary
layer. Plates often overlap to form rigid crys-

talline body wall. Large specimens with smaller
plates, 0.06 to 0.23 mmlong, with 2-13 holes,

few small low knobs (pi. 5m, o). A few Hat x-

shaped ossicles present, possibly plate precursors.

Cups oval-shaped with smooth cruciform base
and spined rim, spines directed up away from
cruciform piece (pi. 5m-o). Rim formed by
coalescing ends of developing cruciform piece,

typically to 0.05 mmlong and 0.04 mmwide,
slightly wider than deep. Cruciform pieces with-

out rims or cups with incomplete rims sometimes
found. Cups more numerous in adults. Ventral

ossicles plates and cups, plates smaller, finer,

more irregular than dorsal plates, 0. 15 to 0.25 mm
long. Introvert ossicles small thin plates with fine

knobs and large perforations, to 0.25 mmlong
and 0.

1 mmwide. Tube feet with endplates (0.3

mmdia) surrounded by a series of irregular nar-

row, bent or triangular perforated plates, typically

0.27 mmlong 0.07 mmwide, sometimes with
ends or I edge strongly denticulate. Tentacles
with elongate curved knobbed perforated plates,

typically 0.2 mmlong and 0.04 mmwide, and
smaller irregular perforated plates with large

holes and few knobs, typically 0.07 mmlong and
0.05 mmwide.

Reproduction. Sexes separate. Gonads a cluster of
short tubules. Females with few relatively large

eggs, typically 0.2 to 0.35 mmdia (Simpson,
1982 recorded eggs up to 0.8 mmdia.), eggs
evident in specimens from all months sampled
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(July lo February), no evidence of brooding in the

current specimens.

Colour. Body and introvert (live) pink or mauve;

anal cone and tube feet light orange; tentacles

dark orange with distinct brown dots at tentacle

bases.

Habitat. Sublittoral, under rocks or sheltering

amongst encrusting sponges, anemones or the

green alga ('odium, common within Macrocystis

holdfasts. Locally numerous under sheltered rock

overhangs.

Distribution. Macquarie Island (0.5 135 m).

Remarks. Many species of Tracliythyone

described from the Southern Ocean are ill-defined

and require revision. The ossicles of the various

species can change with age and some ossicle

types may be missing from old or poorly pre-

served specimens. /'. macphersonae is similar to

material of T. parva described by Panning ( 1%4)
and Hernandez (1982) from off Chile and the

Falkland Islands (0-180 m) and may be con-

specific. Both species have knobbed plates and

cups, with large plates (pi. 51) and few cups in

juveniles and smaller plates (pi. 5m, o) overlain

by numerous cups in adults. Whether these speci-

mens are conspecific with the types of T. parva is

uncertain as Ludwig's (1875) inadequate descrip-

tion of the ossicles in the type translates as "large

perforated plates" and "small x-shaped cups".

Some specimens of T. macphcrsonae have a few

incomplete x-shaped cups consisting only of the

concave cruciform piece. Specimens from Ker-

guclen, originally recorded as T. parva by early

workers, were redescribed as T. ekmani by

Ludwig and Heding (1935) on the basis that they

possessed cups instead of x-shaped plates. On the

other hand Cherbonnier and Guille (1975) sug-

gested that T. ekmani is no more than a ecological

race of T. parva. Possibly /'. parva. T. ekmani and

T. macphcrsonae represent a single widely-

dispersed subantarctic species. A revision will

require fresh material of several size classes

collected from throughout the subantarctic.

Trachythyone nelhidana sp. nov.

Plates 4h i, 5e k. Figure 5a

Material examined. I lolotype, Macquarie Island,

ANARF1986 Expedition, off Nagget Point, 54°33.4'S,

I5'8°56.9'E, 108-135 m. 8 Dec 1986, stn BT3, NMV
F83072.

Paratypcs, type locality and date. NMVF77770( 10).

Description. Plolotype 1 mmlong, 4 mmwide, 3

mmhigh. Body dome shaped with convex dorsal

Figure 5. a, Tracliythyone nelhidana, NMVF77770,

radial and intcrradial plate of calcareous ring,

b, Taeniogyrus sp., AM J22904, tentacle ossicle

fragment

surface and Battened sole. Mouth orientated ante-

riorly, 1 dendritic tentacles, ventral pair reduced.

Small thin introvert. Posteriorly orientated anus.

No dorsal tube feet, except pair of minute ones at

anterior margin. Sole present, surrounded by ring

of about 25 large tube feet, tube feet denser near

anterior and posterior ends, isolated midventral

tube foot occasionally present, skin of sole very

thin. No obvious anal or oral valves. Calcareous

ring with 5 radial and 5 intcrradial pieces, each

with incised anterior projection and posterior

notch; radials larger with smaller anterior inci-

sion.

Dorsal ossicles consist of several layers of

overlapping perforated plates overlain by cups.

Plates up to 0.55 mm, approximately 30 plates

between anus and introvert on largest specimen,

up lo 50 perforations per plate in regular arrange-

ment (pi. 5c), no knobs, some larger plates with

ventral thickenings or arches. Cups oval, with

thick cruciform piece and spinose rim, typically

0.05 mmlong, 0.04 mmwide, 0.04 mmdeep, rim

often incomplete (pi. 5h j ). Ventral ossicles small

buttons with 2-8 large holes, margin with small

rounded knobs, up to 0.1 mmdia (pi. 5f-g). Tube
foot ossicles elongate perforated rods surrounding

end plate, end plate 0.3 mmdia. Tentacle ossicles

fiat perforated plates, quadrangular, typically with

10 perforations and denticulate margin, to 0.12

mm; some plates slightly concave; other plates

elongate, 3 times as long as wide, with larger per-

forations (pi. 5k).

Paratypes 4-1 1 mmin length, similar morphol-

ogy and ossicles as holotype.

Colour. Tan/white, pale (preserved).

Reproduction. Female caeca in December with

long slender unbranched moniliform tubules (one

half the body length) containing scattered ovoid

eggs 0.15 to 0.25 mmlong.

Habitat. Unknown.
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Etymology. Latinised form of the name of the

former polar vessel Net la Dan from which these
specimens were collected.

Distribution. Macquarie Island (108-13? m).

Remarks. These specimens are intermediate

between the Psolidae and Cucumariidae having
the clearly defined sole of a psolid (thin skin,

mainly peripheral tube feet and small ventral

ossicles) and the small single-layered plates, well-

developed cups and terminal mouth/anus of a

cucumariid. Both families contain species that

lack dorsal tube feet. I am placing this species in

the Cucumariidae on the basis of the ossicles

present. However, the Cucumariidae is possibly

paraphyletic, the psolids representing an extreme
development of cucumariids with imbricating
dorsal plates.

I am reluctant to create a new genus for

these animals as the Cucumariidae is badly in

need of revision and generic limits are unclear
(O'Loughlin and O'Hara, 1992). The ossicles, flat

imbricating plates and cups, are similar to those

found in Tracliythyone species. It is clearly dis-

tinguished from all other Trachythyone species in

lacking dorsal pedicels. Species within the

Cucumariidae that lack dorsal tube feet

include Ocnus farquhari Mortensen. 1 925 and
O. sacculus Pawson, 1983 from New Zealand.
These species differ from the T. nelladana in

having multi-layered ossicles, knobbed buttons

and rows of tube feet on all three ventral radii.

Other cucumariid genera that lack dorsal tube feet

include Microchoerus Gutt, 1990 which has small
knobbed plates that diminish with age and
lacks cups; Neocnus Cherbonnier, 1962 and
Pseudopsolus Ludwig, 1898 which have few
body wall ossicles.

The new species can be differentiated from
species of Psolus by the terminal mouth and anus,

the flat single-layered dorsal plates, the well-

developed cup ossicles (absent in the sole), and
the fiat reduced ventral plates. Several other

species have a similar body form, including
P. charcotiVmey, 1906, P. murrayi Thcc\, 1886,
and P. granulosus Vaney, 1 906 from the Southern
Ocean. The body shape of P. granulosus is most
similar to the current species. However, this

species has multi-layered dorsal scales, knobbed
ventral plates and lacks true cups. Both
P. charcoti and P. murrayi are large cylindrical

animals with a small sole and a thick epidermis
that obscures the mult i layered dorsal scales. Few
Psolus species have true cup ossicles, their

functional role often being replaced by multi-

layered grains (e.g., P. neozelanicus) or concave

spinous plates. Psolus epliipijjcr Thomson,
1876 and P. paraduhiosus Carriol and Feral,

1985 both from the Kerguelen region, have
shallow cup-shaped ossicles, but differ from the

current species in their body form, large dorsal
scales and the knobbed ventral plates. P. hochleri
Vaney, 1914 from the Antarctic Peninsula has
shallow cups in the sole, but has an upturned oral

cone, the mouth being surrounded by five brood
sacs.

Order Apodida

Chiridotidae

Tueiiiogyrus dunedinensis (Parker)

Plates 4d, 5r t

Trocluxloiu duneilinensis Parker, I SSI: 418.—
Dendy, 1896: 26-28, 49 50, pi. 3 figs 1 S.

Mortensen, 1925: 376 381, tigs 59-61.— Pawson.
l96Sa: 24 25. Pawson, 1970: 46-47 .- -McKniuhl,
1984: 146.

Taeniogyrus dunedinensis. -Rowe, 1976: 204.

? Trochodota Sp. Pawson, 1 968b: 149.

Teteniogyrus sp. nov.— O'Hara, 1998a: 146.

Material examined. Macquarie Island, shore, 1912,
II. Hamilton (AAE), del. Pawson (1968b) as Tro-
elwdo/a sp., AM J4725(2); 54°40'S, 159°01'E, 71 m,
NZOI stn D10, dot. Pawson (1968a), NIWA(4)'
ANARK 1986 Expedition, BT4, NMVF77775( I ).

New Zealand, Stewart Island, Paterson Inlet, 9 m 12

Jan 1952, NMVF82702(4).

Description of Macquarie Island material. Up to

15 mmlong. 10 uniform tentacles, approximately
8 digits per tentacle. Oral disc orientated

obliquely. Skin smooth, not papillate, one speci-

men (BT4) with a few white spots in the anterior

body wall formed from clusters of wheel ossicles.

Calcareous ring plates narrow, quadrangular, with
slight posterior notches.

Body wall ossicles wheels and sigmoid hooks.
Wheels slightly hexagonal, up to 0.09 mmlong, 6
spokes, continuous teeth around inner rim, 4 teeth

across spokes, 5 teeth between spokes (pi. 5r). 1

specimen (BT4) with wheels grouped in anterior

clusters, other specimens with sparse scattered

wheels. Sigmoid hooks sparsely scattered, twice
as long as wheels, to 0.16 mmlong, smooth. Ten-
tacle rods abundant (pi. 5t), to 0.12 mm, straight

to curved to bent, not branched laterally, a few
complex lateral knobs (pi. 5s), tips forked with 2
clusters of knobs.

Colour. Macquarie Island material (in alcohol)

light brown. Live Auckland Island material
reddish-brown with dark spots at the base of the
tentacles (Mortensen, 1925).
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Habitat. Auckland and Campbell Island speci-

mens found under stones at low tide (Mortensen.

1925) and in shell/sand (Pawson, 1968a).

Distribution. New Zealand (19 m); Auckland,

Campbell Islands (1-180 in); Macquarie Island

(65-433 in).

Remarks. The present specimens differ from typ-

ical T. dunedinensis material from New Zealand

in the relative size of the wheel and sigmoid hook

ossicles, the wheels being considerably smaller

than the hooks. However, the wheel ossicles are

known to vary in size from 0.053 to 0. 16 mmdia.

in other material referred to T. dunedinensis

(Mortensen, 1925). Without a large number of

specimens it is impossible to determine whether

the Macquarie Island material is conspccific with

that from New Zealand.

Pawson (1968b) described two specimens of an

undetermined Troehodota species collected by

the ANAREexpedition from the north coast of

Macquarie Island. Unfortunately the ossicles have

decayed, however, other characteristics suggest

that it also belongs to this species. The specimens

are 23 and 30 mmlong, 1.5 mmwide, with ten

subequal tentacles, eight digits per tentacle, the

terminal digits are longest. The skin is not papil-

late and the mouth is orientated obliquely. The

anterior half of the body of one specimen is filled

with female gonads, the eggs are 0.3 mmdia.

Two other Taeniogyrus species occur in the

Southern Ocean. T. dendyi (Mortensen, 1925) is

known from northwest of the Auckland Islands

(Pawson, 1968b). It is large in size (to 180 mm
long), purple-white in colour, with 12-14 digits

per tentacle. The skin is covered in papillae con-

taining massed hooks, wheel ossicles are scarce,

and the tentacle rods are small (0.05 mm) with

2-5 branches at each end. T. contortus (Ludwig.

1875) recorded from Kcrguelen, has 12 tentacles,

large sigmoid hooks, more than double the size of

the wheel ossicles, and wheels that are grouped

into distinctive papillae.

Taeniogyrus sp.

Plate 5u, Figure 5b

Material examined. Macquarie Island, AM 1977-1978

Expedition, Green Gorge (15 m), MA-289. AM
.122904(3).

Description of Macquarie Island material. Up to

9 mmlong (strongly contracted), in poor condi-

tion, with tapered anal cone. Skin with numerous

longitudinal folds from contraction, probably

papillose. Mouth orientated anteriorly, not

oblique, 10 uniform tentacles, approximately 4

digits per tentacle, upper 2 largest. Body wall

ossicles sigmoid hooks. Sigmoid hooks scattered,

1 per papTllae. typically 0.07 to 0.11 mmlong

(pi. 5u). No wheels present. Tentacle ossicles

mostly eroded, remaining pieces are rod ends

with 3 terminal denticulations, entire ossicles

probably 0.05 mmlong (fig. 5b).

Colour. Tan in alcohol.

Habitat. Coarse sand.

Distribution. Macquarie Island (15 m).

Remarks. Chiridotids with sigmoid hooks but

without wheel ossicles are generally referred to

the genus Scoliorhapis H.L. Clark, 1928. How-

ever, although these small, poorly preserved spec-

imens lack wheel ossicles they appear closer to

Taeniogyrus dendyi (Mortensen, 1925) from New
Zealand than the type species of Scoliorhapis,

S. theeli (Heding, 1928) from southern Australia.

Both species have groups of sigmoid hooks asso-

ciated with skin papillae that are present on the

anterior part of the animal. S. theeli clearly differs

from the Macquarie Island material in having

C-shaped unbranched tentacle ossicles, whereas

wheel ossicles are known to be scarce or even

absent in subantarctic specimens of T. dendyi

(Mortensen, 1925, Pawson, 1968a). Better pre-

served material is required to finally determine

the identity of these specimens.

Discussion

Habitat. Detailed habitat information is only

available for Macquarie Island echinoderms col-

lected from rocky shores (0-2 m) or by divers

from shallow subtidal waters (0-25 m). The dis-

tribution of echinoderms across habitats at these

depths is shown in Table 3. No quantitative

survey has ever been conducted at subtidal depths

at Macquarie Island. Consequently abundance has

been estimated from museum collections.

1 . Sublittoral fringe (0-2 m). The ecology and

zonation of the rocky shores at Macquarie Island

has been described by Kenny and Haysom
(1962), Bennett (1971) and Simpson (1976). The

sublittoral fringe is dominated by the large brown

alga Durvillaea antarctica. This habitat which is

affected by wave surge can range from 0-3 mon

the east coast to as deep as 15m on the exposed

west coast (Ricker, 1984). Immediately seaward

of Durvillaea, the rocks are covered with foliose

red algae. A conspicuous but species-poor echin-

oderm fauna is present in the upper sublittoral,

occurring under rocks, in crevices and under the

large fronds of Durvillaea. Six echinodcrm
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Table 3. Known habitat distribution of Macquarie Island echinoderms (0-20 m)
information is available for Taeniogyrus dimedinensis.

No habitat

Sublittoral fi 'inge(0-2 m) Upper sublittoral (2-20 m
)

Species Dun'illaea

holdfasts

Red algal

zone

Macrocystis

beds

Codium
beds

Rock

overhangs

Sand

Cycethra frigida ') P P P P -

Porania antarctica - - R - - -

Pter aster affmis - - R - - -

Henricia obesa - - R R - -

Smilasterias clarkailsa - - - R R -

Anasterias directa R P P P P -

Anasterias mawsoni ~>

P P N P -

Ophiacantha vilis - - R - P R
Amphiwa magellanica - - P - - -

Pseudechinus novaezeakmdiae - R P R P -

Pseudopsohts macquariensis N N R - - -

Pseudocmis laevigatas - R P P N R
Trachythyone macphersonae - P P P N -

Taeniogyrus sp - - - - - P

R = rare (all collections with <= 2 specimens); P

(at least one collection with > 20 specimens)

present (3-19 specimens); N = locally numerous

species are generally present, the asteroids

Anasterias mawsoni, A. directa and Cycethra

frigida; and the holothurians Pseudopsohts

macquariensis, Trachythyone macphersonae and

Pseudocmis laevigatas. The first five of these

may be abundant. In particular P. macquariensis

may completely cover rocks at the low tide level.

P. laevigatus is not common in this zone.

2. Upper sublittoral (2-20 m). Habitats at these

depths have been described by Lowry et al.

(1978) and Ricker (1984). The habitats include 1)

exposed rocks and boulders dominated by a

canopy of the kelp Macrocystis pyrifera often

with an understorey of Desmarestia chordalis; 2)

sheltered rock caves and overhangs covered with

sponges, tunicates and hydroids; 3) protected

shallow coves and inlets often with mats of the

green algae Codium subantarcticum; and 4) areas

of coarse sand and gravel. The asteroids and

holothurians A. mawsoni, A. directa and C.

frigida, T. macphersonae and P. laevigatus are

common as in the sublittoral fringe, but P. mac-

quariensis is rarely found below 1 m. Several

shelf species are also present. The echinoid

Pseudechinus novaezealandiae and the ophiuroid

Ophiacantha vilis may be locally common. The
asteroids Henricia obesa. Smilasterias clarkailsa,

Porania antarctica, Pteraster affmis, the ophi-

uroid Amphiwa magellanica and the holothurian

Taeniogyrus sp. also reach their upper limit in this

zone.

3. Deep water (< 20 m). The continental slope

surrounding Macquarie Island is covered by very

little sediment (Williamson, 1988). The slopes are

very steep, the east side plunges over 5000 m
from Macquarie Island to the Macquarie Trench

in a little over 25 km. The total submerged area of

the Macquarie Ridge occurring at depths of less

than 1000 m deep is only 3300 km2 (Williams,

1988). Most of the Macquarie Island material

from deeper water has been trawled and lacks

detailed substratum information. The lack of sed-

iment indicates that many species would occur on
rock or amongst sessile invertebrates growing on
rock, although there are some species that are

known from elsewhere to prefer a soft sediment

substratum (e.g., Psilaster charcoti, Taeniogyrus

spp.).

The echinoderm fauna is similar at all shallow

water sites that have been examined around the

island (Table 2) although relative abundance can

vary with exposure (Bennett, 1971; Ricker,

1984). There are some exceptions. Porania
antarctica and Pteraster affmis have been found
by divers only at Caroline Cove despite the low
level of sampling at the site. Taeniogyrus sp. was
collected only at Green Gorge off a sandy sub-

stratum. Relatively few soft sediment species



216 T. D. O'HARA

have been found from 0-20 m. This may be due

to the lack of suitable substratum or the lack of

collecting with dredges and boats within this

depth range (G.C.B. Poore, pers. comm.).
The shallow subtidal environment is broadly

similar at other subantarctic Islands including

Marion Island (Beckley and Branch, 1992;

Branch et al., 1993), Heard Island (Smith and
Simpson, 1985) and Kerguclen (Guillc, 1974;

Chcrbonnicr and Guille, 1975; McClintock,

1985), with the exception that the kelp Mae-
mcyslis is apparently absent from Heard Island.

A similar echinoderm fauna is present at all loca-

tions. Anasterias rupicola, Psettdechinus mario-
nis and Pseudocnus laevi-gatus dominate the

echinoderm fauna at Marion Island, although the

asteroid Anteliaster scaber and the ophiuroid

Ophiurolepis intorta can be locally common.
Other shallow water species include Henricia

praestens, Pteraster affinis, Porania antarctica

and Smilasterias scalprifera. There has been no
subtidal SCUBA survey of Heard Island, but

beach washed specimens indicate that the aster-

oids Anasterias mawsoni, Oclontaster meridion-

alis, Porania antarctica and Pteraster affinis are

common (O'Hara. this report). At Kerguelen shal-

low rocky reefs support Anasterias rupicola and
A. perrieri, Henricia spinuliferii, Porania antarc-

tica, Pteraster affinis, Cycethra frigida, Pseudop-
solus maccptariensis gruai, Pseudocnus laeviga-

tas and Trachythyone ekmani. Kerguelen differs

from Macquarie Island in having wide sandy bays
which support a significant soft sediment fauna.

Systematica and origin. One of the difficulties

identifying echinoderms from Macquarie Island

is the polymorphism exhibited by many species

(or species complexes) that are widespread
throughout the Southern Ocean. There is consid-

erable morphological variation both between and
within isolated populations. Examples of

widespread polymorphic species include the

asteroids Odontaster penicillatus and Cycethra

verrucosa which can vary in form from subpen-

tagonal to stellate with a range of abactinal spina-

tion. In other cases a number of discrete regional

or sibling species are currently recognised, such

as the numerous Anasterias and Henricia species.

The current and past geography of the Southern

Ocean is likely to have promoted regional varia-

tion and polymorphism. The break up of the

ancient continent of Gondwana would have iso-

lated populations of formerly widespread species,

which could then have evolved independently

(Palaeoaustral species). Examples include Psoitis

neozelanicus and P. antarcticus\ very similar

species that are now widely separated in the Tas-

man region and off South America respectively.

Overlaying these vicariant patterns are species

(Neoaustral species) that have subsequently dis-

persed eastward across the Southern Ocean by

epiplanktonic rafting on the West Wind Drift

(H.B. Fell, 1962). Infrequent colonisation of iso-

lated islands would promote regional variation

and speciation through founder effects and

genetic drift (Palumbi, 1994). Polymorphism has

possibly been accentuated by a complex process

of colonisation, genetic drift and recolonisation

by parental stock. Dispersal by epiplanktonic raft-

ing is restricted to shallow water rocky reef

species living amongst kelp holdfasts, the only

known transportation vector (O'Hara, 1998a).

Species rafting to Macquarie Island from the west

probably include Anasterias spp., Cycethra

frigida, Trachythyone macphersonae, Pseudoc-

nus laevigatus and Psetidopsolus maccptariensis,

all of which have been found within kelp hold-

fasts on Macquarie Island.

The problem for a taxonomist is whether these

morphological variants are separate species, sub-

species or races. Key (1981) has provided some
relevant definitions. Species are populations that

are reproductively isolated from all others, where
reproductive isolation requires that either no
hybrids are found in the field or that such hybrids

are infertile. A race is any population within a

species that it is convenient to recognise on the

basis of characteristic attributes. A subspecies is a
special case of a geographical race which has
been given a formal trinomial name under the

terms of the International Code of Zoological

Nomenclature.

The trend in echinoderm systematics over this

century has been to synonymise regional forms
into polymorphic widespread species. Early
researchers, with relatively few specimens at their

disposal, described numerous species differenti-

ated by small morphological differences. As more
comprehensive collections have become avail-

able, the distinction between these nominal
species became blurred and many were syn-
onymised or reduced to subspecies (e.g., Fisher,

1940; A.M. Clark, 1962). Later monographs have
tended to abandon the use of subspecies as it

becomes clear that the morphological variants are
not confined to distinct regions (e.g., A.M. Clark
and Downey, 1992). However sibling species
are known to be common in marine systems
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(Knowlton, 1993). and recent research indicates

that morphologically similar echinoderm species

can be distinguished using reproductive or

molecular data (e.g., Bosch, 1989; Hart et al

1997).

The approach in this work is to follow Key's
(1981) recommendations not to designate new
subspecific names and retain existing species

names for regional variants until we have evi-

dence to the contrary. Thus 1 have refrained from
establishing new subspecies for Macquaric Island

variants of Henricia obesa and Odont aster peni-
cillatus. On the other hand I have retained the

nominal species Anasterias directa, Smilasterias

clarkailsa and Trachythyone macphersonae even
though they are very close to A. antarctica,

S. scalprifera and T. parva respectively. The final

determination of whether these are distinct

specific or infraspecific taxa will have to await
developmental or molecular research as tradi-

tional external morphological characters appear
insufficient to resolve the problem. Amongst the

numerous pentamerous Anasterias species, only
A. studeri and A. suteri can be adequately distin-

guished from A. antarctica on morphological
grounds. Other species complexes requiring

investigation are Henricia pagenstecheri/
H. simplex/H. lukinsi and H. obesa/H. aucklan-
diae. On a global scale Pteraster affinis is very
close to P. militaris from the Arctic, and Cera-
master patagonicus is similar to C grenadensis
(A.M. Clark and Downey, 1992).

This report retains four species as Macquarie
Island endemics: Anasterias directa, Odonto-
henricia anarea, Trachythyone macphersonae,
and Trachythyone nelladana. In addition other

poorly known species listed from Macquarie
Island, such as Ophiomy.xa sp. and Taeniogyrus
sp. may also be endemic. However, in no case is

the endemic status certain. A. directa and
T. macphersonae are morphological variants of
widespread Southern Ocean species. The poorly

known species are likely to be regional variants of
New Zealand or deep water species. Only Odon-
tohenricia anarea and Trachythyone nelladana
are completely distinct from their cogeners. Both
are known from shelf habitats (69-135 m) and as

such are likely to have migrated to the recently

emergent Macquarie Island via the North or South
Macquarie Ridge from New Zealand or eastern

Antarctica respectively (O'Hara, 1998a). As such
wc can expect to collect these species in the future

from nearby shelf or ridge localities. The lack of
apparent speciation on Macquarie Island is a

possible indication of the conservative evolution
of echinoderms (H.B. Fell, 1962) or the contin-

uing input of genetic material from neighbouring
localities via cpiplanktonic or larval dispersal

(O'Hara, 1998a).

Acknowledgments

I am most grateful to Dr C.C. Lu (now at the

National (hung Using University, Taiwan) and
Ms S. Boyd for their support and ready assistance

with the resources of Museum Victoria; to the

Australian Antarctic Division for supporting my
field trip to Macquarie Island in 1989 and provid-
ing the opportunity for Tonia Cochrane (NMV) to

participate in the 1986 Benthic survey; to all the

ANARHpersonnel who assisted me with my field

studies; to Mark O'Loughlin for his assistance

with the holothurian laboratory work and identifi-

cation of elasipods and aspidochirotes; to

K. Nolan (NMV) for diagrams; to D. Paul

(University of Melbourne) and C. Rawley (NMV)
for the photography; to Dr D. F.ibye-Jacobsen

(ZMUC) and A. Morgan (BMNH) for hosting

short visits to their institutions in April 1997, to

Dr D. Pawson (USNM) for his help with
holothurian systematics and information about
the USS Eltanin echinoderms; to Dr P. Bcrents

(AM) and W. Zeidler (SAM) for providing
research facilities and loan of comparative speci-

mens; to Paul Anderson (NIWA), G. Paterson

(BMNH), C. Ahearn (USNM), C. Nielsen

(ZMUC) and M. Jensen (ZMUC) for the loan

of comparative material; to Dr F.W.H. Rowe and
an anonymous reviewer for reviewing the

manuscript. This paper is an outcome of
ASAC Antarctic Project 38: The biology and
classification of Macquarie Island Fichinoderms.

References

Adamson, D.A. Selkirk, P.M., Price, D.M. and Selkirk.

J.M., 1996. Pleistocene uplift and palaeoenviron-
ments of Macquarie Island: evidence from
palaeobeaches and sedimentary deposits. Papers
and Proceedings of the Royal Society of Tasmania
130(2): 25-32, 4 rigs, 2 tbls.

Baker, A.N. and Devaney, D.M., 1981. New records of
Ophiuroidea (Hchinodermata) from southern Aus-
tralia, including new species of Ophiaeantha and
Ophionereis. Transactions of the Royal Society of
South Australia 105(4): 155 178, fig". 1 98.

Barker, M.F., 1984. Reproduction and development in

Goniocidaris umhraculum, a brooding echinoid.
Pp. 207-214 in Keegan, I3.F. and O'Connor, D.S.
(eds) Echinodermata: Proceedings of the Fifth



218 T. D. CVIIARA

International Echinoderm Conference, Galwuy,

24-29 September, I9H4. Balkema: Rotterdam.

Becklcy, LE, and Branch, G.M., 1992. A quantitative

scuba-survey of the sublitloral macrobenthos at

subantarctic Marion Island. Polar Biology 4:

89-94, 3 figs, 2 Ibis.

Bell, F.J., 1881. Account of the Zoological collections

made during the survey of I IMS Alert in the Straits

of Magellan and on the coasl of Patagonia. Pro-

ceedings of the Zoological Society of London 1881:

87 lOl.plsviii, ix.

Benham. W. 13., 1909. The eehinoderms other than

holothurians, of the subantarctic islands of New
Zealand. Pp. 295 305. I fig in Chilton, C. (ed.)

The subantarctic islands of New Zealand. John

MacKay: Wellington. Vol.1.

Bennett, I., 1971. Shores of Maccpiurie Island. Rigby

Ltd: Sydney. 69 pp.. 63 pis.

Bernasconi, 1., 1971. Hehinodennata. Marion and

Prince Edward Islands. Report on the South

African Biology and Geology Expedition. 1965 6:

284 287.

Blankley, W.O. and Branch, M.L., 1984. Co-operative

prey capture and unusual brooding habits of Anas-

lerias rupicola (Verrill) (Asteroidea) at sub-antarc-

tic Marion Island. Marine Ecology Progress Series

20(8): 171-176.4 figs.

Bosch, 1., 1989. Contrasting modes of reproduction in

two Antarctic asteroids of the genus Porania, with

a description of unusual feeding and non-feeding

larval types. Biological Bulletin 177: 77 82, 3 figs",

2 this.

Branch, M.L., .langoux. M.. Alva, V.. Massin. C.I. and

Stampanato, S., 1993. The Echinoderniala of sub-

antarctic Marion and Prince Edward Islands. South

African Journal of Antarctic Research 23(1 2):

37 70. 5 figs, 1 Ibl.

Carpenter. P.H., 1884. Report on the Crinoidea. The
stalked crinoids. Reports of the Scientific Results of
the Voyage of HMS "Challenger". 187$ 76.

Zoology, i 1(2)': 442 pp., 62 pis.

Carpenter, P.I I., 1888. Crinoidea II. The Comatulae.

Reports of the Scientific Results of the Voyage of
I IMS "Challenger". IS7.V 76. Zoology. 26(1)1 400

pp.. 70 pis.

Carriol, R.-P. and feral, J.-P., 1985. Recxamcn de

quelques Psolidae (llolothurioidea, Eehinoder-

mata) antarctiqucs et subantarctiques: Description

de deux nouvelles espeees du genre Psoitis. Bul-

letin du Museum "Rational d' Historic Naturclle,

Paris (Seric 4) 7( 1 ): 49 60. 4 pis, I tbl.

Cherbonnier, G., 1962. Neocnus incuhans. nouveau

genre el nouvelle espece d'holothurie dendrochi-

rotc incubatrice de Mcditcrranee. Comptes Rendus
des Seances de I' Academic des Sciences. Paris.

(Serie D) 275(1): 225-227, figs a q.

Cherbonnier, G. and Guille, A., 1975. Echinodermcs

recoltes aux iles Kerguclcn. Bulletin du Museum
National d'Historie Naturclle, Paris (Zoolouie)

210: 603-629. 2 pis, I fig.

Clark, A.M., 1909. On a collection of recent crinoids

from the Philippine Islands. Proceedings of the

United States National Museum 36(1673):

391 410.

Clark, A.H., 1937. Crinoidea. Scientific Reports of the

Australasian Antarctic Expedition, 191 1 -19 14.

Zoology 8(4): 18 pp.

Clark, A.M., and Clark, A.M., 1967. A monograph of

the existing crinoids. Vol 1. The Comatulids. Part

5, suborders Oligophreata (concluded) and

Macrophreata. Bulletin of the United States

National Museum 82: 860 pp., 53 figs, 18 Ibis.

Clark, A.M.. 1962. Asteroidea. Report of the British,

Australian and New Zealand Antarctic Research

Expedition. 1929-1931 (B) 9: I 104, 18 figs, 4

this, 6 pis.

Clark. A.M.. 1966. Some crinoids from New Zealand

waters. New Zealand Journal of Science 9(3):

684-705, 7 figs, I tbl.

Clark, A.M., 1983. Notes on Atlantic and other Aster-

oidea. 3. The families Ganeriidae and Asterinidae.

with the description of a new asterinid genus. Bul-

letin of the British Museum of Natural History

(Zoology) 45(7): 359 380, 9 figs.

Clark, A.M., 1989. An index of names of recent

Asteroidea —Part I: Paxillosida and Notomyo-
dita. Pp. 225-349 in Jangoux, M. and Lawrence,

J.M. (eds) Echinoderm Studies. Vol. 3. Balkema:

Rotterdam.

Clark, A.M., 1993. An index of names of recent Aster-

oidea —Part 2: Valvatida. Pp. 187—366 in Jan-

goux, M. and Lawrence. J.M. (eds) Echinoderm
Studies. Vol. 4. Balkema: Rotterdam.

Clark, A.M., 1996. An index of names of recent Aster-

oidea —Part 3: Velatida and Spinulosida. Pp. 183-

250 in Jangoux, M. and Lawrence, J.M. (eds)

Echinoderm Studies. Vol. 5. Balkema: Rotterdam.

Clark. A.M., and Downey, M.E., 1992. Starfishes of the

Atlantic. Natural History Museum and Chapman
and Hall: London, xxvi + 794 pp.

Clark. ILES., 1963. The fauna of the Ross Sea. New
Zealand Oceanographic Institute Memoir 21;

7-84, 15 pis, 20 figs.

(lark, H.E.S., 1970. Sea-stars (Echinodermata: Aster-

oidea) from Eltanin Cruise 26. with a review of the

NewZealand asteroid fauna. Zoology Publications

from Victoria University College 52: 1-34, 3 pis, 3

figs.

Chirk, H.L., 1915. Catalogue of recent ophiurans: based
on the collection of the Museum of Comparative
Zoology. Memoirs of the Museum of Comparative
Zoology, Harvard 24(4): 166-376, 20 pis.

Clark, H.L., 1916. Report on the sea-lilies, star-fishes,

brittle-stars, and sea-urchins, obtained by the F.l.S.

"Endeavour' on the coasts of Queensland, New
South Wales, Tasmania, Victoria, South Australia,

and Western Australia. Biological Results of the

Pishing Experiments carried on hv the F.l.S.

"Endeavour". 1909-14 4(1): II 23, 11 figs, pis

i-xliv.



SYSTEMATICAANDBIOLOGYOF MACQUARIEISLAND ECHINODERMS 219

Clark, H.I.., 1928. The sea-lilies, sea-stars, brittle-stars,

and sea-urchins of the South Australian Museum.
Records of the South Australian Museum 3(4):

361-482, fig. 108-142.

Clark, H.L., 1946. The echinoderm fauna of Australia,

its composition and origin. Publications of the

Carnegie Institution 566: i-iv, 1-567.

Delia Chiaje, S., 1828. Memorie sullu Sloria Notomia

elegit Animali senzu verlehre del Regno di Napoli

3: 74-79.

Dendy, A., 1896. Observations on the holothurians of

New Zealand. Journal of the l.inneau Society,

London (Zoology) 26: 22-52, pis 3-7.

Downey, M.E., 1971. A new species of the genus

Solaster (Echinodermata: Asteriodea) from Mar-
tinique. Proceedings of the Biological Society of
Washington 84(4): 39 42, 1 fig.

Duncan, R.A. and Varne, R., 1988. The age and distri-

bution of the igneous rocks of Macquarie Island.

Papers and Proceedings of the Roved Society of
Tasmania 122(1): 45-50, 1 fig, 1 tbl,

Edgar, G.J., 1987. Dispersal of faunal and floral

propagules associated with drifting Macroevslis

pyrifera plants. Marine Biology 95: 599 610. 3

figs, 6 this.

Ekman, S., 1927. Hololhurien der Deutschen Siidpolar-

Expedition, 1901-1903, aus der Ostantarktis

und von den Kerguelen. Deutsche Siidpolar-

E.xpedition, IWI 1903. 19 Zoologie 11: 361-419.

Emson. R.I I., and Wilkic, E.C., 1980. Fission and auto-

tomy in echuioderms. Oceanography and Marine

Biology, Annual Review 18: 155 250. 19 figs, 17

this.

Farquhar. IT, 1898. Notes on New Zealand starfishes-.

Transactions of the New 'Zealand Institute 30:

187 191.

Farquhar, II., 1899. Description of a new ophiuran.

Proceedings of the Linnean Society of New South

Wales 24; 187- 189, pi. 15.

Fell, F.J., 1976. The Cidaroida (Echinodermata: Echi-

noitlea) of Antarctica and the Southern Oceans.

Unpublished PhD Thesis, University of Maine.

Orono, USA.
Fell, H.B.. 1952. Echinoderms from southern New

Zealand. Zoology Publications from Victoria

University College 18: I 37,23 figs.

Fell, H.B., 1953. Echinoderms from the subantarctic

islands of New Zealand: Asteroidea, Ophiuroidea

and Echinoidea. Records of the Dominion Museum
2: 73-1 1 1,2 pis, 6 figs, 4 tbls.

Fell, H.H., 1958. Deep-sea echinoderms of New
Zealand. Zoology Publications from Victoria

University of Wellington 24: I 40, 5 pis.

Fell, H.B., I960. Archibenthal and littoral echinoderms

of the Chatham Islands. Bulletin of the New
Zealand Department of Scientific and Industrial

Research 139(2): 55 75, pis 1 10.

Fell, H.B., 1961. Ophiuroidea. The fauna of the Ross

Sea. Part 1 . Memoirs of the New Zealand Ocea no-

graphic Institute 18: 1 79.

Fell, 11.13., 1962. West-wind-drift dispersal of echino-

derms in the southern hemisphere. Nature 4817:

759-76 1

.

Fisher, W.K.. 1911. Asteroidea of the North Pacific and

adjacent waters. Part I. Phanerozonia and Spinu-

losa. Bulletin of the United States National

Museum 76(1): vii4l9, 122 pis.

Fisher, W.K., 1923. A preliminary synopsis of the

Asteriidae, a family of sea stars. Annuls and
Magazine of Natural History (9) 12: 247 258,

595 607.

Fisher, W.K., 1930. Asteroidea of the North Pacific and

adjacent waters. Part 3. Forcipulata. Bulletin of the

United Stales National Museum 76: I 356, 93 pis.

Fisher, W.K., 1940. Asteriodea. Discovery Reports 20:

69 306, 23 pis.

(iuille. A., 1974. Echinodermes: Asteridcs et Ophi-

Lirides. Pp. 32-44, 2 pis in (irua, P. (ed.) Inverte-

hres (/<• I'infralittoral rocheux aux l'Archi\)cl tie

Kerguelen. 3. Paris: Impression Internationales

(CNFRA 35).

(iutt, .1., 1990, New Antarctic holothurians (Echinoder-

mata) I . Five new species with four new genera of

the order Dendrochirotida. Zoologies Scripta

19(1); Kll 117.

Hamilton, A., 1895. Notes on a visit to Macquarie

Island. Transactions of the New Zealand Institute

27:559 579, pi. E.

Hart. M., Byrne, M. and Smith, M.J., 1997. Molecular

phylogenetic analysis of life-history evolution in

asterinid starfish. Evolution 51: 1848 1861,4 figs.

Hayashi, R., 1941. Contributions to the classification of

the sea stars of Japan. I Spinulosa. Journal of the

Faculty of Science. Hokkaido Imperial University

(VI) Zoology 7: 107 204, 7 pis. 63 figs.

Ileding, S.G., 1928. Papers from Th. MortenseiTs

Pacific Expedition, 1914 16, XLVI. Synaptidac.

\'idenskabelgie Meddelelser fru Dansk nalurhis-

lorisk Forming i Kobenhavn 85: 105-323, fig.

I 69, pis 2 3.

'

Hernandez, D.A., 1982. I lolothuroidea des Siidwestat-

lanliks 1. Die Trachylhyone-Artcn. Mitieilungen

aus dem I Uunburgischen Zoologischen Museum
und Inslitul 79: 251 261, 4 figs, 2 tbls, 2 pis.

I logged, A.K., and Rowe, F.W.E, 1986. A reappraisal

of the family Comastcridae A.I I. Clark, 1908

(Echinodermata: Crinoidea), with the description

of a new subfamily and a new genus. Zoological

Journal of the Linnean Society 88: 103 142, figs

1 3.

Hutton, F.W., 1 872. Catalogue off he Echinodermata of
NewZealand, with diagnoses of the species. James

Hughes: Wellington. Pp. iii iv, 1 17.

Hutton, F.W., 1879a. Notes oil some New Zealand

Echinodermata, with descriptions of new species.

Transactions and Proceedings of the NewZealand
Institute 1 1 : 305 308.

Hutton, F.W., 1879b. Notes on a collection from the

Auckland Islands and Campbell Island. Trans-

actions of the NewZealand Institute 1 1 : 337 343.



220 T. D. O'HARA

John. D.D., 1939. Crinoidea. Report of the British,

Australian and New Zealand Antaretie

Researeh Expedition, 192S-193} (B) 4(6):

189-212,8 figs.

Kenny. R. and llaysom, N., 1962. Ecology of rocky
shore organisms at Macquarie Island. Pacific
Science 16(3): 245-263, 12 figs, 4 ibis.

Key, KILL., 19X1. Species, parapalry, and the

morabine grasshoppers. Systematic Zoology 30(4):

425-458, 6 figs.

Knowlton, N„ 1993. Sibling species in the sea. Annual
Review of Ecology and Systematics 24: 1 89-2 1 6.

Kochlcr, R., 1897. Echinodermes rccueillis par
I" Investigator" dans I'Occan lndien. Les ophiures

de mer profunda Annates des Sciences Naturelles
Zoologie 1896, 8(4): 227-372, pis 5-9.

Koehler, R„ 1901. Echinides et Ophiures. Resultats

du Voyage du S.Y. "Belgica" en IH97-1H99.
Rapports Scientifiques Zoologie (7 9): 1 42, 56
figs.

Kochlcr, R., 1906. Echinodermes (Stellerides, Ophiures
et Bchinidcs). Expedition Antarctique Frangaise
(191)3 -S). Paris. 41 pp, 4 pis.

Koehler, R., 1912. Echinodermes (Asteries, Ophiures et

Echinides). Deuxieme Expedition Antarctique
Francaise (19QH-10). Paris. 272 pp.. 16 pis.

Kochlcr, R., 1917. Echinodermes (Asteries, Ophiures et

Echinides) recueillis par M Rallicr du Baty, aux
lies de Kerguelen en 1913-1914. Annalcs de
I'lnstitut Oceanographique de Monaco 7(8): 1 87
10 pis.

Koehler, R., 1920. Eehinodcrmata: Astcroidea.

Scientific Reports of the Australasian Antarctic

Expedition, 1911-1914. Scries C: Zoology and
Rotany 8(1): 1-308, pi. 1-75.

Koehler, R., 1922a. Ophiurans of the Philippine Seas
and adjacent waters. Bulletin of the United States

National Museum 100(5): x + 486, 103 pis.

Koehler, R., 1922b. Echinodermala: Ophiuroidea.
Scientific Reports of the Australasian Antarctic
Expedition, 19/1 1914. Series C: Zoology and
Botany 8(2): 76-90, 90 pis.

Kochlcr, R., 1926. Eehinodcrmata: Eehinoidea.

Scientific Reports of the Australasian Antarctic
Expedition, 1911-1914. Series C: Zoology and
Botany 8(3): 1-134, pi. 91-124.

Law, P.O. and Burstall, T., 1956. Macquarie Island.

ANAREInterim Reports 14. Publication No. 29: ii

t 48 pp, 5 pis.

Ljungman, A.V., 1867. Ophiuroidea viventia hue usque
cognita enumerat. Oversigt of Kongl Vetenskaps-
Akademiens Forhandlinger, Stockholm 1866
29(9): 303-336.

Loriol, P. de. 1894. Notes pour servir a Eetude des
echinodermes. IV. Revue Suisse de Zoologie el

Annates du Mttsee d 'Historic Naturelle de Geneve
2(4): 469-497, pis xxii-xxiv.

Lowry, J.K., Homing, D.S., Poorc, G.C.B., and Ricker.

R.W., 1978. The Australian Museum Macquarie
Island Expedition, Summer, 1977- 1978. The Aus-
tralian Museum Trust: Sydney. 152 pp.

Ludwig, H„ 1874 [1875]. Beitrage zur Kenntniss der
Holothurien. Arbeilen aus dem Zoologisch-

Zootomischen Institut in Wurdntrg 2: 77-120. pis

6-7.

Ludwig, H., 1898. Holothurien. Ergebnisse der Ham-
burger Magalhaensischen Sammelreise 1SX2/93

Band 1. 1-98. L. Friederichsen and Co.: Hamburg.
Ludwig, H., and Heding, S.G., 1935. Die Holothurien

der Deulschen Tiefsee-Expedition. 1, Fusslose und
Dendrochirote Formen. Wissenschaftliche Ergeb-

nisse der Deutschen Expedition Tie/see auf dem
Dampher "Valdivia" IH9H-92A: 121-214.

'

Liitken, C., 1857. De ved Danmarks hyster levcnde

Pighude. Videnskabelgie Meddelelser fra Dansk
naturhistorisk Forening i Kobenhavn 1856:

88 110.

Lyman, T., 1878. Ophiuridae and Astrophytidae of the

"Challenger' expedition. 1. Bulletin of the

Museum of Comparative Zoology, Han'ard 5(7):

65-168, fig. I 277.

Lyman, T., 1879. Ophiuridae and Astrophytidae of the

"Challenger" expedition. 2. Bulletin of the

Museum of Comparative Zoology, Harvard 6(2):

17-83, fig. 278 501.

Lyman, T„ 1882. Ophiuroidea. Reports of the Scientific

Results of the Vovage of HMS "Challenger",

1S73- 76. Zoology. 5: 1-386, 48 pis.

Madsen, E.J., 1955. Echinoderms other than holo-

thun'ans collected in the sub-antarctic and Antarc-
tic seas, mainly by the Norvegia-Expeditions,
1928-30. Scientific results of the Norwegian
Antarctic Expeditions, 1927-1928 37:1-17.

Madsen. F.J., 1967. Ophiuroidea. Report of the British,

Australian and New Zealand Antarctic Research
Expedition, 1929-1931 Series B. 9: 123-145. figs.

1-8. 1 pi.

Madsen, F.J., 1983. A review of the Ophiolcucinae stat.

rev. (Eehinodcrmata: Ophiuroidea) with the erec-
tion of a new genus Ophiostriatus. Steenstrupia

9(2): 29 69, fig. 1-15.

Massin, C. 1992. Holothurians (Echinodermata) from
Marion and Prince Edward Islands: new and little

known species. Zoologica Scripta 21(3): 31 1-324,
10 figs.

McClintock. J.B.. 1985. Avoidance and escape
responses of the subantarctic limpet Nacella edgari
(Powell) (Mollusca: Gastropoda) to the sea star

Anasterias perrieri (Smith) (Echinodemiata:
Asteroidea). Polar Biology 4: 95-98, 2 figs. 1 tbl.

McKnight, D.G., 1967. Addition to the echinoderm
fauna of the Chatham Islands. New Zealand
Journal of Marine and Freshwater Research h
291 313.

McKnight, D.G.. 1973a. Additions to the asteroid fauna
of New Zealand: family Goniasteridae. Records of
the New Zealand Oceanoyophic Institute 1 ( 1 3V
171-195, 10 figs.

McKnight, D.G., 1973b. Stalked crinoids from the New
Zealand region. Records of the New Zealand
Oceanographic Institute 1(14): 199-210,3 figs.

McKnight, D.G., 1973c. Additions to the asteroid fauna
of NewZealand: families Benthopectinidae, Odon-
tasteridae, Asleriidae and Brisingidae; with notes
on Porcellanaster caeruleus Wyville-Thomson
(family Porcellanasteridae). Records of the New



SYSTEMATICAANDBIOLOGYOF MACQUARIEISLAND ECH1NODERMS 221

Zealand Oceanographic Institute 1(16): 219 239.

fig. 1-9.

McKnight. D.G.. 1973d. Additions to the asteroid fauna

of New Zealand: families Radiasteridae. Solasteri-

dae. Pterasteridae. Asterinidae, Ganeriidae and
Echinasteridae. Records of the New Zealand
Oceanographic Institute 2(1): 1-15. 6 figs.

McKnight. D.G.. 1974. Some echinoids new to New
Zealand waters. Records of the New Zealand
Oceanographic Institute 2(8): 25-43, 8 figs.

McKnight. D.G.. 1976. Asteroids from Ross Sea and
Balleny Islands. New Zealand Journal of Marine
and Freshwater Research 3(4): 21-31.

McKnight. D.G.. 1977. Additions to the New Zealand
crinoid fauna. Records of the New Zealand
Oceanographic Institute 3( 1 1 ): 93-1 12. fig. 1-26.

McKnight. D.G.. 1984. Echinoderms from Macquarie
Island and the Macquarie Ridge. Records of the

New Zealand Oceanographic Institute 4(12):

139-147.

Mein, B.. 1992. Beitragzur Kenntniss antarkischer

Seesteme (Asteroidea. Echinodermata). Mitteilun-

gen aus detn Hamburgischen Zoologischen

Museum und Instiiiit 89: 239-259.

Mortensen, T.. 1921. Echinoderms of NewZealand and

the Auckland-Campbell Islands. 1 Echinoidea.

Papers from Th. Mortensen*s Pacific Expedition.

1914-16. Videnskahelgie Meddelelser fra Dansk
naturhistorisk Forening i Kobenhavn 73: 139-98,

pis 6-8, text-fig. 1-23."

Mortensen. T.. 1924. Echinoderms of NewZealand and
the Auckland-Campbell Islands. II Ophiuroidea.

Papers from Th. Mortensen's Pacific Expedition.

1914-16. Videnskahelgie Meddelelser fra Dansk
naturhistorisk Forening i Kobenhavn 11: 91-177.

4 pis.

Mortensen, T.. 1925. Echinoderms of New Zealand and

the Auckland-Campbell Islands. Ill-V. Asteroidea,

Holothurioidea and Crinoidea. Videnskahelgie

Meddelelser fra Dansk naturhistorisk Forening i

K0benha\>n 79: 261-420, text fig. 1-70, pi. 12-15.

Mortensen. T.. 1936. Echinoidea and Ophiuroidea.

Discovery Reports. 12: 199 348, 53 figs, 9 pis.

Mortensen. T., 1943. Monograph of the Echinoidea.

Copenhagen. 3(2): 553 pp.. 56 pis. 321 text-figs.

Mortensen, T., 1950. Echinoidea. Report of the British.

Australian and New Zealand Antarctic Research

Expedition, 1929-1931 Series B, 4 ( 1 ): 287-310, 6

figs, pis iv-ix.

O'Hara. T.D.. 1990. New records of Ophiuridae. Ophi-

acanthidae and Ophiocomidac (Echinodermata:

Ophiuroidea) from south-eastern Australia.

Memoirs of the Museum of Victoria 50(2):

287-305. 2 figs.

O'Hara. T.D.. 1998a. Origin of Macquarie Island

echinoderms. Polar Biology 20: 143-151, 2 figs,

5 tbls.

O'Hara, T., 1998b. Ophiuroids from the Tasmanian
seamounts. Pp. 81-102 in Koslow, J. A. and

Gowlctt-Holmes, K. (eds), The seamount fauna of
southern Tasmania: benthic communities, their

conservation and impacts of trawling. Final report

to Environment Australia and The Fisheries

Research Development Corporation. CSIRO
Marine Research: Hobart.

O'Loughlin. P.M. and O'Hara. T.D., 1990. A review of

the genus Smilasterias (Echinodermata: Aster-

oidea). with descriptions of two new species from

south-eastern Australia, one a gastric brooder, and

a new species from Macquarie Island. Memoirs of
the Museum of Victoria 50(1): 307-323. 3 figs. 1

tbl. I pi.

O'Loughlin, P.M. and O'Hara. T.D., 1992. New
cucumariid holothurians (Echinodermata) from

southern Australia, including two brooding and
one fissiparous species. Memoirs of the Museumof
Victoria. 53(2): 227-266. 10 figs, 10 pis.

Palumbi, S.R., 1994. Genetic divergence, reproductive

isolation, and marine speciation. Annual Review of
Ecology and Systematica 25: 574-572.

Panning. A., 1964. Bennerkungen iiber die

Holothurien-Familie Cucumariidae (Ordnung
Dendrochirota). 4 Teil. Die Gattungen Stereo-

derma. Staurothyone. und Trachvthvone. Mit-

teilungen aus dem Hamhurgischen Zoologischen

Museum und Institut (Kosswig-Festschrift) 61:

159-74, fig. 1-10.

Parker. T.J., 1881. On a new holothurian {Chiridota

dunedinensis n. sp.). Transactions and Proceed-
ings of the NewZealand Institute 13:418.

Paterson, G.L.C., 1985. The deep-sea Ophiuroidea of
the North Atlantic Ocean. Bulletin of the British

Museum of (Natural History). Zoolog\>. 49( 1 ):

1-162, 59 figs.

Pawson. D.L.. 1962. A new sea cucumber from

Macquarie Island Transactions of the Royal
Socieft- of New Zealand. Zoology 2(7): 47^48,

pi.
1.'

Pawson, D.L.. 1968a. The echinozoan fauna of the New
Zealand subantarctic islands. Macquarie Island and
the Chatham Rise. New Zealand Oceanographic
Institute Memoir 42: 1-35. 3 figs. 1 pi.

Pawson. D.L., 1968b. Some holothurians from Mac-
quarie Island. Transactions of the Royal Society of
NewZealand. Zoology 10(15): 1 4 1 1 50. 13 figs.'

Pawson. D.L., 1 969. Astrothrombus rugosus Clark, new
to New Zealand, with notes on Ophioceres huttoni

(Farquhar), Hemilepis norae (Benham), and Ophi-
uroglypha irrorata (Lyman) (Echinodermata:

Ophiuroidea). NewZealand Journal of Marine and
Freshwater Research 3: 46-56, 13 figs.

Pawson, D.L., 1970. The marine fauna of New Zealand:

sea cucumbers (Echinodermata: llolothuroidea).

NewZealand Oceanographic Institute Memoir 52:

1-69, 10 text-fig. ,2 pis.

Pawson, D.L., 1971. llolothuroidea. Marion and
Prince Edward Islands. Report on the South

African Biology and Geology Expedition. 1965-6:
288-290.

Pawson, D.L., 1983. Ocnus sacculus new species

(Echinodermata: Holothuroidea) a brood protect-

ing holothurian from south-eastern New Zealand.

Hew Zealand Journal of Marine and Freshwater
Research 17: 227-230, 2 figs.

Pcarsc, J.S. and Bosch, I., 1994. Brooding in the

Antarctic: Ostergren had it nearly right. Pp.



T. D, O'llARA

111 120 in David, B., (iuillc. A., Feral. J., Roux,
M. (eds) Echinoderms Through Time: Proceedings

of (he Eighth International Echinoderm Confer-
ence, Dijon. France, ft II) September, 1993.

Balkema: Rotterdam.

Perrier, E., 1875. Revision cle la collection ties Stcl-

lerides du Museum d 'Historic Natttrelle de Paris
Paris. 3X4 pp.

Perrier, L., 1891. Echinodermes l.Stcllerides. Mission
Scienli/it/ne dn Cap Horn. 1882 S3. Zoobgie (r

t9S pp., 13 pis.

Perrier, E., 1894. I. Slellerides. Expeditions scien/i/iquc

du Travaillenr el du Talisman. 431 pp., 26 pis.

Perrier, E„ 1905. Ilololluiries Antaretique du Musee
d'l listorie Naturelle de Paris. Annates des Sciences
Naturellcs. Zoologie(9) 1: I 146, pi. I 5.

Philippi. R.A.. 1857. Vier neue Fchinodcrmen des
Chilenisehen Mecres. Archiv fiir Naturgeschichte
23(1): 130 134.

Philippi, R.A., 1870. Neue Seesteme aus Chile. Archiv
fiii- Naturgeschichte 36(1): 268 275. pi. iii, ligs

a c,

Ricker, R.W., 1984. Taxonomy and Biogeography of
Maapiarie Island seaweeds. Unpublished PhD
Thesis, University of Melbourne: 710 pp.

Rowe, F.W.E., 1976. Restriction of the Chiridotid
genus Trochodotu Ludwig ( 1 89 1 ) (I lolothurioidea:

Apodida). with the description of a new speeies
from South Australia. Transactions of the Royal
Society of South Australia 100(4): 203-206 fig

i 4, till i.

Rowe. F.W.F. and Albcrtson, EX., 1987. The echino-
derm Genus llcnricia Gray, 1940 (Asteroidea:

Echinasteridae) in southern and south-eastern
Australian waters, with the description of a new
Species. Proceedings of the Linnean Society of
NewSouth Wales 109(3): 183-194, fig. 15.

Rowe. F.W.F. and Albcrtson, F.F., 1988. A new genus
and lour new species in the family Echinasteridae
(Fchinodermata: Asteroidea). Proceedings of the
linnean Society of New South Walea 110(1)-

83 100, lig. I 10.

Rowe, F.W.E. and dates, J., 1995. Fchinodermata. In

Wells, A. (Ed.) Zoological Catalogue of Australia.
CSIRO: Melbourne. Vol 33. 486 pp.

Rowe F.W.F. and Pawson. D.I.., 1977. A catalogue of
echinoderm type specimens in the Australian
Museum, Sydney. Records of the Australian
Museum MY. 337 364.

Selkirk. P.M.. Seppclt, R.D., and Selkirk, D.R., 1990.

Suhanlarclic Macquarie Island: Environment and
Biology. Cambridge University Press: Cambridge
285 pp.

Simpson, R.D.. 1976. The shore environment of
Macquarie Island. ANARE Scientific Reports.
Series 13(1) Zoology: 125: 1-41, 6 pis, 10 tigs 3
this.

Simpson, R.D., 1982. The reproduction of some echin-
oderms from Macquarie Island. Australian
Museum Memoirs 16: 39-52.

Sladen, W.P., 18X2. The Asteriodea of the HMS"Chal-
lenger" Expedition. I Ptcrasteridae. Journal of the

Linnean Society (Zoology). 16: 189 246.

Sladen, W.P., 1889'. Asteroidea. Reports of I he Scien-

tific Results of the Voyage of HMS"Challenger",

TV3-76. Zoology. 30: xiii + 893, 1 17 pis.

Smith, H.A., 1876. Descriptions of species of Asteriidae

and Ophiuridae from Kerguelen's Island. Annals
and Magazine of Natural History (4) 1 7: 105-1 13.

Smith, J.M.B. and Simpson, R.D., 1985. Biotic

/onation on rocky shores of Heard Island. Polar
Biology 4: 89-94, 3 figs, 2 tbls.

Smith, S.D.A. and Simpson, R.D., 1995. Effects of the

'Nella DaiT oil spill on the fauna of Dimnllaea
unturctica holdfasts. Marine Ecology Progress-

Series 121: 73-89.

Sped J. A., and Dearborn, .IFF, 1983. Comatulid
crinoids from R/V Eltanin cruises in the Southern
Ocean. Biology of the Antarctic Seas XIII. Antarc-
tic Research Series, American Geophysical Union
38(1): 1-60,8 figs, 19 pis.

Stampanato, S., and Jangoux, M., 1993. Fes aslerides

(Fchinodermata) de la Baie Breid (Cote de la

Princesse Ragnhild, quartier Enderby, Antartique),

avec la description d'une nouvellc espece
de Solas ter. Bulletin de I'/nslilut Royal des
Sciences Nature lies de Be I gi que 63: 175- 184. 3
figs, 4 tbls.

Streten, N.A.. 1988. The climate of Macquarie Island

and its role in atmospheric monitoring. Papers and
Proceedings of the Royal Society of Tasmania
122(1): 91-106. I fig., i tbl.

Theel, IF, 1882. Report on the Holothurioidea. Part 1.

Reports on the Scientific Results of the Voyage of
l/MS Challenger" 1873-7. Zoology 13: 1-176,
46 pis.

Theel, IF, 1886. Report on the Holothurioidea. Part 2.

Reports on the Scientific Results of the Voyage of
/IMS Challenger" 1873-7. Zoology 39:' 1-290
16 pis.

Thomas. F.P.. 1975. The systematic relationships of
Ophioplocus. Ophioceramis and Ophioceres
(Fchinodermata: Ophiuroidea). Bulletin of Marine
Science 25(2): 232-247, fig. 1-3.

Thomson, W.C., 1876. Notice of some peculiarities in

the mode of propagation of certain echinoderms of
the southern sea. Journal of the Linnean Society
(Zoology) 13: 55-79.

Tucker, M..F and Burton, II. R., 1987. A survey of the
marine fauna in shallow coastal waters of the Vest-
fold Hills and Rauer Island, Antarctica. ANARE
Research Notes 55: vi+24, 40 pis.

Vaney, ('., 1906. Holothuries. Expedition Antaretique
Francaise (1903-5): I 30, pis 1-2.

Vaney. C, 1914. Holothuries. Deuxieme Expedition
Antaretique Francaise (1908-10): 1-54, pis 1-5.

Verrill, A.E., 1876. Annelids and Echinoderms." In
Kidder, J.H. (ed.) Contributions to the Natural His-
tory of Kerguelen Island: Made in connection with
the United States Transit-of- Venus Expedition,



SYSTEMATICSANDBIOLOGYOF MACQUARIEISLAND ECHINODERMS 223

1874-5. Bulletin of the United States National Williams, R., 1988. The nearshore fishes of Macquarie
Museum 3: 64-77. Island. Papers and Proceedings of the Royal Soci-

Walsh, J.H.T., 1891. Natural history notes from H.M. ety of Tasmania 122(1): 233-245, 1 fig, 4 tbls.

Indian Marine Survey Steamer 'Investigator': List Williamson, P.E., 1988. Origin, structural and tectonic

of deep sea holothurians collected during seasons history of the Macquarie Island region. Papers and
1887 to 1891, with descriptions of new species. Proceedings of the Royal Society of Tasmania
Journal of the Asiatic Society, Bengal 60(2): 122(1): 27-43 1 1 figs

197-204.


